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Induction	  of	  labour	  and	  the	  three	  W’s	  (who,	  when	  and	  with	  what?)	  
	  
Induction	  of	  labour	  is	  probably	  the	  most	  used	  obstetrical	  intervention,	  first	  described	  by	  the	  ancient	  
Greek	  physician	  Hippocrates.1	  	  	  
The	   purpose	   of	   induction	   of	   labour	   as	   compared	   to	   continuation	   is	   to	   end	   the	   pregnancy	   through	  
vaginal	  delivery,	  in	  situations	  where	  pregnancy	  termination	  is	  expected	  to	  reduce	  risks	  to	  the	  mother	  
or	   her	   baby.	   In	   the	   decision	   to	   induce	   labour	   or	   not,	   one	   has	   to	   find	   the	   right	   balance	   between	  
benefits	   and	  possible	  harms	   in	   comparison	   to	   continuation	  of	  pregnancy.	   The	   two	  most	   important	  
factors	  in	  that	  decision	  are	  the	  mother	  and	  her	  baby.	  	  
In	   some	  situations,	  delivery	  before	   the	  due	  date	   is	  needed	  when	   the	  condition	  of	   the	  mother,	   the	  
baby,	  or	  both,	  is	  severely	  compromised.	  Induction	  of	  labour	  increases	  the	  risks	  for	  neonatal	  and	  long-‐
term	  developmental	   complications,	  but	   could	  be	   justified	   if	   continuing	  pregnancy	   could	   jeopardize	  
the	  baby	  through	   infection,	  asphyxia	  or	   intra	  uterine	  fetal	  demise	  (IUFD),	  depending	  on	  the	  clinical	  
situation2-‐8.	   Similarly,	   from	   the	   maternal	   perspective,	   continuation	   of	   pregnancy	   could	   harm	   the	  
mother	  in	  case	  of	  severe	  hypertension,	  infection	  or	  other	  pregnancy	  related	  complications.2,9,10	  
Consequentially,	   induction	   of	   labour	   is	   an	   intervention	   that	   should	   only	   be	   performed	   when	   the	  
benefits	  of	  ending	  pregnancy	  outweigh	  the	  risks	  of	   induction	  of	  labour,	  either	  from	  the	  perspective	  
of	   the	   mother,	   the	   baby	   or	   both,	   or	   when	   the	   expected	   harm	   to	   one	   of	   them	   is	   less	   than	   the	  
expected	  benefit	  for	  the	  other.	  Induction	  of	  labour	  rates	  increased	  in	  the	  United	  States	  from	  9.6%	  in	  
1990	  to	  23.8%	  in	  2010	  11.	  The	  Netherlands	  experienced	  a	  comparable	  rise	  from	  15%	  in	  2008	  to	  21.8%	  
in	  2013	  12.	  
	  
Who	  and	  when	  to	  induce?	  
Common	   indications	   for	   induction	  of	   labour	  are	  hypertensive	  disorders,	  post-‐term	  pregnancy,	  pre-‐
labour	   rupture	   of	   membranes,	   diabetes,	   suspected	   intrauterine	   growth	   restriction,	   macrosomia,	  
cholestasis	   in	   pregnancy	   and	   elective	   reasons13,14.	   These	   indications	   can	   be	   subdivided	   in	   three	  
categories:	  indications	  where	  only	  the	  mother	  is	  at	  increased	  risk,	  indications	  where	  only	  the	  fetus	  is	  
at	   increased	   risk,	   and	   mixed	   indications	   where	   both	   mother	   and	   fetus	   are	   at	   risk.	   For	   example,	  
hypertensive	  disorders	   impose	  a	  risk	   for	   the	  mother,	  but	  growth	  restriction	  or	  gestational	  diabetes	  
can	   jeopardise	   the	   baby.	   A	   large	   for	   gestational	   age	   baby	   can	   cause	   cephalopelvic	   disproportion	  
requiring	  a	  caesarean	  section,	  which	  harms	  the	  mother,	  or	  it	  might	  cause	  shoulder	  dystocia,	  possibly	  
harming	   the	   fetus.	   Preeclampsia	   complicated	   by	   intrauterine	   growth	   restriction	   and	   prelabour	  
rupture	  of	  membranes	  are	  also	  situations	  where	  mother	  and	  fetus	  both	  are	  at	  risk.	  
	  
Pre-‐existing	  hypertension	  	  
Around	   1.5%	   of	   all	   pregnant	   women	   have	   pre-‐existing	   hypertension,	   defined	   as	   hypertension	  
occurring	   before	   the	   20th	   week	   of	   gestation15.	   Women	   with	   pre-‐existing	   hypertension	   have	   an	  
increased	  risk	  for	  preeclampsia,	  acute	  renal	  failure,	  pulmonary	  oedema	  and	  even	  death.	  Children	  of	  
women	  with	  pre-‐existing	  hypertension	  have	  a	  higher	  risk	  of	  intra	  uterine	  growth	  restriction,	  neonatal	  
intensive	   care	   unit	   admission	   and	  perinatal	   death15,16.	  One	   cohort	   study	   including	   171,669	  women	  
with	   pre-‐existing	   hypertension	   compared	   risks	   for	   IUFD,	   neonatal	   mortality	   or	   serious	   neonatal	  
morbidity	  (such	  as	  neonatal	  seizures,	  severe	  respiratory	  morbidity	  or	  5-‐minute	  Apgar	  score	  ≤3).	  This	  
study	  demonstrated	  that	  in	  pre-‐existing	  hypertension	  delivery	  between	  38	  and	  39	  weeks	  appears	  to	  
provide	  the	  optimal	  time	  frame17.	  
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Pregnancy  induced  hypertension  and  preeclampsia  
Pregnancy	  induced	  hypertension	  is	  defined	  as	  an	  elevated	  blood	  pressure	  after	  20	  weeks	  of	  gestation	  
in	   the	   absence	   of	   proteinuria.	   Preeclampsia	   is	   defined	   as	   the	   combination	   of	   pregnancy	   induced	  

hypertension	  and	  proteinuria	  (more	  than	  0.3	  grams	  over	  24	  hours)18.	  Preeclampsia	  complicates	  3-‐5%	  
of	   all	   pregnancies19.	   Maternal	   risks	   arising	   from	   preeclampsia	   are	   eclampsia,	   acute	   kidney	   injury,	  
clotting	   disorders,	   cerebral	   haemorrhage,	   hepatic	   failure,	   and	   pulmonary	   edema20.	   Neonatal	   risks	  

include	  intra	  uterine	  growth	  restriction,	  placental	  abruption,	  and	  fetal	  demise20.	  The	  HYPITAT	  study	  
showed	  that	   in	  women	  with	  mild	  term	  preeclampsia	  or	  pregnancy	   induced	  hypertension,	   induction	  
of	   labour	   significantly	   reduced	   adverse	  maternal	   outcomes	   (including	   eclampsia,	   HELLP	   syndrome,	  

pulmonary	  oedema,	  thromboembolic	  disease	  or	  placental	  abruption,	  and	  maternal	  death)	  compared	  
to	  expectant	  management	   (relative	   risk	   (RR)	   0.71,	   95%	  confidence	   interval	   (CI)	   0.59-‐0.86),	  without	  
jeopardizing	   neonatal	   outcomes2.	   In	   late	   preterm	   pregnancies	   (between	   34-‐37	   weeks)	   with	  

hypertensive	  disorders	  	  the	  reduction	  of	  adverse	  maternal	  outcomes	  was	  not	  statistically	  significant	  
(RR	   0.36,	   95%CI	   0.12-‐1.1),	   whereas	   there	   was	   significantly	   more	   neonatal	   respiratory	   distress	  
syndrome	   in	   the	   induction	  group	   (RR	  3.3,	   95%CI	  1.4-‐8.2)3.	   Therefore,	   expectant	  management	  until	  

the	  clinical	  situation	  deteriorates	  or	  until	  37	  weeks	  of	  gestation	  is	  recommended.	  
	  

Postdate  (>41  weeks)  and  postterm  (>42  weeks)  pregnancies  
In	  	  postterm	  pregnancies,	  the	  risk	  for	  IUFD	  starts	  to	  increase	  from	  42	  weeks	  onwards,	  although	  the	  
absolute	  risk	  of	  IUFD	  or	  neonatal	  death	  is	  low21.	  There	  is	  still	  insufficient	  evidence	  regarding	  possible	  
evaluated	   neonatal	   risks	   between	   41	   and	   42	   weeks	   of	   gestation.	   Currently	   a	   large	   randomised	  

controlled	  trial	  (INDEX	  study)	   is	   investigating	  the	  risks	  for	   IUFD	  and	  neonatal	  morbidity	  between	  41	  
and	   42	  weeks	   of	   gestation22.	   In	   current	   Dutch	   practice	   it	   is	   common	   to	   give	   postdate	  women	   the	  
option	  to	  choose	  for	  induction	  of	  labour,	  and	  postterm	  induction	  of	  labour	  is	  advised.	  

  
Intra  uterine  growth  restriction  (IUGR)  
IUGR	   is	   associated	   with	   an	   increased	   risk	   of	   IUFD	   and	   neonatal	   morbidity,	   especially	   for	   growth	  

bellow	   the	   5th	   percentile.	   It	   occurs	   frequently	   in	   pregnancies	   complicated	   by	   hypertension	   or	  
preeclampsia,	  but	  can	  also	  occur	  isolated.	  Growth	  restriction	  implies	  a	  pathological	  limitation	  of	  the	  
potential	   growth,	   likely	   caused	   by	   dysfunction	   of	   the	   placenta.	   As	   the	   diagnosis	   can	   only	   be	  

suspected	  based	  on	  the	  assessment	  of	  fundal	  height	  or	  with	  ultrasound,	  suspected	  IUGR	  is	  defined	  as	  
an	  estimated	  fetal	  weight	  below	  the	  10th	  percentile,	  fetal	  abdominal	  circumference	  below	  the	  10th	  
percentile,	  flattening	  of	  the	  growth	  curve	  in	  the	  third	  trimester	  or	  the	  presence	  of	  more	  than	  one	  of	  

these	  factors8.	  
The	   Disproportionate	   Intrauterine	   Growth	   Intervention	   (DIGITAT)	   study	   was	   a	   randomised	   trial	   of	  
comparing	   induction	   of	   labour	   and	   expectant	   management	   of	   660	   women	   with	   suspected	   IUGR	  

fetuses	   at	   or	   near	   term	   (i.e.	   36–40	   weeks).	   The	   DIGITAT	   study	   found	   no	   statistically	   significant	  
differences	   in	   adverse	   outcomes,	   comparing	   induction	   of	   labour	   with	   expectant	   monitoring	   in	  

women	   with	   suspected	   IUGR.	   However,	   a	   higher	   rate	   of	   neonatal	   admissions	   in	   the	   induction	   of	  
labour	   group	   was	   found,	   as	   well	   as	   a	   higher	   rate	   of	   neonates	   with	   a	   birth	   weight	   below	   the	   3rd	  
percentile	   in	   the	   expectant	   management	   group	   (30.6%	   versus	   12.5%).	   Epidemiological	   data	   of	  

1,294,547	   women	   with	   a	   growth	   restricted	   baby	   indicate	   that	   the	   perinatal	   mortality	   rate	   is	   the	  
lowest	   at	   38	   to	   39	  weeks.	   Thus,	   for	   growth	   restricted	   babies,	   delivery	   and	   life	   outside	   the	   uterus	  
appears	   to	   be	   safer	   after	   38–39	   weeks	   of	   gestation8,23.	   Furthermore,	   2	   year	   follow-‐up	   data	  



108 
 

confirm	   these	   results24.	   Therefore	   the	   recommendation	  would	  be	   to	   induce	   labour	   at	   38	  weeks	   in	  

case	  of	  suspected	  intra-‐uterine	  growth	  restriction.	  	  
	  

Gestational  Diabetes  
Diabetes	  complicates	  around	  2.6%	  of	  all	  pregnancies.	  Diabetes	  can	  be	  classified	  as	  type	  1,	  type	  2	  and	  
gestational	  diabetes,	  with	  the	  latter	  comprising	  90%	  of	  all	  diabetes	  cases	  in	  pregnancy25-‐27.	  Diabetes	  
will	  become	  increasingly	  present	  due	  to	  the	  rising	  rate	  of	  obesity.	  Pregnancy	  complicated	  by	  diabetes	  

imposes	  several	  maternal	  risks,	  such	  as	  an	  increased	  risk	  of	  preeclampsia,	  and	  possible	  worsening	  of	  
diabetic	   retinopathy	  or	  nephropathy.	  Major	   concerns	   for	   the	   fetus	   in	   a	  diabetic	   pregnancy	   involve	  
congenital	  malformations,	   IUFD	   in	   the	   third	   trimester	   and	  macrosomia-‐related	   birth	   traumata25-‐27.	  

Furthermore,	  neonatal	  respiratory	  distress	  syndrome	  is	  more	  common	  in	  neonates	  born	  prior	  to	  39	  
weeks	  from	  diabetic	  pregnancies	  compared	  to	  neonates	  from	  non-‐diabetic	  pregnancies.	  For	  women	  
whose	  diabetes	  is	  medically	  managed	  by	  insulin	  or	  oral	  medicine,	  induction	  is	  recommended	  from	  38	  

to	  39	  weeks	  of	  gestation,	  as	   induction	  would	   lower	   the	  change	  of	  macrosomia	   	  and	   IUFD,	  without	  
increasing	   the	   risk	   of	   caesarean	   section	   (RR	   0.81;	   95%	  CI	   0.52–1.26)7,28.	   Timing	   of	   delivery	   in	   non-‐
insulin	  depended	  diabetes	  is	  not	  well	  investigated.	  The	  current	  opinion	  from	  the	  American	  College	  of	  

Obstetrics	  and	  Gynaecologists	  suggest	  expectant	  management	  up	  to	  40	  weeks	  of	  gestation29.	  	  

  
Suspected  macrosomia	  
Macrosomia	   is	   defined	   as	   an	   estimated	   weight	   of	   at	   least	   4000	  g	   or	   a	   weight	   for	   gestational	   age	  
>90th	  percentile,	  though	  multiple	  definitions	  are	  applied30.	  When	  macrosomia	  is	  suspected,	  fear	  for	  a	  
problematic	  delivery,	  in	  particular	  the	  risks	  of	  obstructed	  labour	  and	  shoulder	  dystocia,	  may	  prompt	  

physicians	  to	  propose	  induction	  of	  labour.	  Cheng	  et	  al.	  found	  that	  women	  with	  babies	  having	  a	  birth	  
weight	  of	  at	  least	  4000	  g	  undergoing	  induction	  of	  labour	  at	  39	  weeks	  had	  a	  lower	  rate	  of	  caesarean	  
delivery	  compared	  to	  women	  delivering	  at	  later	  gestational	  ages31.	  However,	  this	  study	  included	  birth	  

weight	  instead	  of	  estimated	  weight.	  It	  is	  well	  known,	  however,	  that	  there	  is	  a	  significant	  discrepancy	  
between	  the	  measured	  estimated	  weight	  and	  the	  actual	  birth	  weight32,33.	  Boulvain	  et	  al.	  performed	  a	  
multicentre	   randomised	   controlled	   trial	   among	   822	   women	   who	   were	   pregnant	   of	   babies	   whose	  

estimated	  weight	  exceeded	  the	  95th	  percentile.	  They	  randomised	  between	  induction	  of	  labour	  at	  37	  
to	   38+6	   weeks	   of	   gestation	   (maximum	   3	   days	   after	   diagnosis)	   or	   expectant	   management	   and	  
demonstrated	  that	  induction	  of	  labour	  for	  suspected	  macrosomia	  is	  associated	  with	  a	  reduced	  risk	  of	  

shoulder	  dystocia	  and	  associated	  morbidity	  (RR	  0.32,	  95%CI	  0.15-‐0.71)34.	  There	  was	  no	  difference	  in	  
caesarean	   section	   rate	   between	   the	   induction	   and	   expectant	   management	   group.	   Therefore,	  
induction	  of	  labour	  between	  37	  and	  39	  weeks	  is	  recommended.	  

  
Prelabour  rupture  of  the  membranes  
Induction	  of	  labour	  after	  prelabour	  rupture	  of	  the	  membranes	  at	  term	  is	  well	  accepted	  globally.	  It	  is	  

important	  to	  distinguish	  between	  women	  who	  are	  carrier	  of	  group	  B	  streptococcus	  (GBS)	  and	  those	  
who	  are	  not.	  Prolonged	  rupture	  of	  membranes	  >18	  hours	   is	  a	  significant	   risk	   factor	   for	  early	  onset	  

neonatal	  GBS	  sepsis	  with	  an	  OR	  of	  13.7	  (95%CI	  4.8-‐39.5),	  justifying	  immediate	  induction	  of	  labour	  in	  
GBS	  positive	  women5,35.	  If	  a	  women	  does	  not	  carry	  GBS,	  expectant	  management	  is	  a	  safe	  option	  until	  
48	  hours	  after	  the	  moment	  of	  membrane	  rupture36.	  

For	  preterm	  prelabour	  rupture	  of	  membranes	  an	  expectant	  management	  until	  37	  weeks	  of	  gestation	  
is	  the	  safest	  option.	  A	  randomised	  controlled	  trial	  at	  late	  preterm	  premature	  rupture	  of	  membranes	  
(34–37	   weeks)	   	   demonstrated	   no	   advantage	   in	   terms	   of	   the	   incidence	   of	   neonatal	   sepsis	  
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conferred	  by	  early	   induction	  as	  opposed	  to	  expectant	  management	   (3%	  versus	  4.1%;	  95%	  CI	  0.17–

3.2).	  No	  differences	  were	  observed	  for	  the	  secondary	  maternal	  or	  neonatal	  outcomes	  either37.	  

  
Cholestasis  of  pregnancy  
Cholestasis	   of	   pregnancy	   is	   considered	   when	   a	   pregnant	   woman	   suffers	   from	   pruritus	   and	   has	  
elevated	  serum	  levels	  of	  bile	  acids.	  Cholestasis	  is	  associated	  with	  preterm	  birth	  and	  has	  been	  thought	  
to	  be	  associated	  with	  other	  complications	  such	  as	  IUFD,	  although	  there	  is	  little	  evidence38.	  However,	  

concerns	  over	  IUFD	  and	  the	  difficulty	  to	  predict	  IUFD	  in	  the	  presence	  of	  obstetric	  cholestasis	  account	  
for	  the	  policy	  of	  many	  obstetricians	  to	  electively	  induce	  labour.	  One	  retrospective	  study	  performed	  in	  
the	   Netherlands	   between	   2005	   and	   2012	   included	   215	  women	  with	   cholestasis	   of	   pregnancy	   and	  

divided	  them	  in	  three	  groups	  by	  the	  serum	  bile	  acids	  level.	  They	  found	  that	  higher	  levels	  of	  bile	  acid	  
were	   correlated	   with	   spontaneous	   preterm	   birth,	   meconium	   stained	   liquor	   and	   perinatal	   death38.	  
Another	  retrospective	  cohort	  study	  included	  1,604,386	  singleton	  pregnancies	  of	  women	  between	  34	  

and	   40	   weeks	   of	   gestation	   with	   and	   without	   intrahepatic	   cholestasis	   of	   pregnancy	   in	   California	  
between	   2005	   and	   2008.	   Among	  women	  with	   cholestasis	   of	   pregnancy,	   the	   fetal	  mortality	   risk	   is	  
lower	  when	  delivered	  at	  36	  weeks	  compared	  to	  the	  risk	  of	  expectant	  management	  for	  another	  week	  

(4.7	  per	  10,000	  (95%	  CI,	  0.0–10.5)	  versus	  19.2	  per	  10,000	  (95%	  CI,	  7.6–30.8))4.	  However,	   this	  study	  
did	  not	  differentiate	  between	  spontaneous	  start	  of	  labour	  and	  induction	  of	  labour.	  Therefore,	  there	  
is	   still	   insufficient	   data	   to	   support	   the	   exact	   timing	   when	   induction	   of	   labour	   should	   take	   place.	  

Medical	  treatment	  such	  as	  ursodeoxycholic	  acid	  and	  S-‐adenosylmethionine	  can	  be	  started	  to	  reduce	  
the	  symptoms	  of	  pruritus,	  but	  there	   is	  still	   insufficient	  evidence	  to	  determine	  whether	  this	  reduces	  
the	  occurrence	  of	  IUFD39.	  	  

  
Elective  reasons  
Elective	   reasons	   include	   maternal	   age,	   psychosocial	   factors,	   history	   of	   intrauterine	   death	   and	  

logistical	  problems	  (history	  of	  rapid	  labour,	  distance	  to	  hospital).	  Psychosocial	  reasons	  for	  induction	  
of	   labour	   at	   term	   are	   perhaps	   the	   most	   contentious.	   Induction	   of	   labour	   on	   request	   remains	  
debatable	   mainly	   because	   of	   the	   increased	   risks	   for	   surgical	   assisted	   delivery	   (vaginal	   operative	  

delivery	   or	   caesarean	   section).	   However,	   these	   risks	   may	   be	   minimised	   with	   careful	   counselling,	  
careful	   management	   of	   labour	   and	   expectant	   management	   	   when	   the	   induction	   methods	   fail.	  
Furthermore,	  there	  is	  controversy	  on	  whether	  induction	  of	   labour	  increases	  the	  risk	  of	  complicated	  

labour	  requiring	  caesarean	  section.	  Observational	  data	  on	  this	  matter	  are	  unreliable,	  as	  women	  who	  
go	  in	  spontaneous	  labour,	  compared	  to	  women	  with	  an	  indication	  for	  induction,	  are	  less	  sick	  and	  are	  
therefore	  at	  lower	  risk	  for	  caesarean	  delivery40.	  Systematic	  review	  and	  meta-‐analysis	  have	  indicated	  

that	   induction	   of	   labour	   at	   term	   is	   actually	   associated	   with	   a	   small	   decreased	   risk	   of	   caesarean	  
delivery41,42.	  	  
	  

How  to  induce  labour  (with  what)?  
	  After	   establishing	   an	   indication	   to	   induce	   labour,	   and	   planning	   a	   date	   for	   induction,	   the	   next	  

question	   is	  how	  to	   induce	   labour.	   In	   this	  matter	   it	   is	  of	   importance	  to	  distinguish	  between	  women	  
with	   a	   ripe	   and	   unripe	   cervix43.	   When	   the	   cervix	   is	   ‘ripe,	   or	   favourable’,	   the	   membranes	   can	   be	  
artificially	   ruptured	   followed	   by	   oxytocin	   administration	   if	   needed.	  When	   the	   cervix	   is	   ‘unripe,	   or	  

unfavourable’,	  and	  amniotomy	  is	  not	  possible,	  it	  is	  important	  to	  ripen	  the	  cervix	  first.	  	  
The	   ripeness	   of	   the	   cervix	   is	   usually	   expressed	   with	   the	   Bishop	   score.	   The	   Bishop	   score	   was	  
developed	   in	   1964	   as	   a	   predictor	   of	   success	   for	   an	   elective	   induction	   in	  multiparous	  woman.	   The	  
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initial	   scoring	   system	   used	   five	   determinants	   (dilatation,	   effacement,	   station,	   position,	   and	  

consistency)	  that	  attributed	  a	  value	  of	  0	  to	  2-‐3	  points	  each	  (for	  a	  maximum	  score	  of	  13)44.	   In	  1966,	  
Burnett	  modified	  the	  scoring	  system	  (which	  is	  still	  in	  use	  and	  still	  known	  as	  the	  Bishop	  score)	  so	  that	  
each	  variable	  was	  assigned	  a	  maximum	  value	  of	  2	  points	   (for	  a	  maximum	  score	  of	  10)	   (figure	  1)45.	  

Usually,	  a	  cut-‐off	  value	  of	  6	   is	  used,	  meaning	   that	  when	  a	  Bishop	  score	  >6	   is	  present,	  defined	  as	  a	  
favourable	  or	   ripe	   cervix,	  membranes	   can	  be	   ruptured,	  while	   in	  women	  with	  a	   lower	  Bishop	   score	  
first	  cervical	  ripeness	  has	  to	  be	  improved.	  The	  premise	  behind	  this	  is	  that	  with	  an	  unripe	  cervix,	  there	  

are	  not	  enough	  oxytocin	  receptors	  on	  the	  uterine	  muscle	  cells,	  resulting	  in	  an	  insufficient	  response	  to	  
amniotomy	  and	  the	  start	  of	  oxytocin,	  and	  increasing	  the	  risk	  of	  labour	  dystocia,	  failed	  induction	  and	  
consequentially	   the	   risk	   for	   a	   delivery	   through	   a	   caesarean	   section43,46.	   Considering	   all	   women	  

undergoing	   induction	  of	   labour	   in	  2013	   in	   the	  Netherlands,	  around	  60%	  had	  a	   ripe	  cervix	  and	  40%	  
had	  an	  unripe	  cervix12.	  	  
A	   favourable	   pre-‐induction	  Bishop	   score	   of	   >	   6	   is	   predictive	   of	   a	   successful	   vaginal	   delivery.	   Initial	  

studies	   were	   limited	   to	   multiparous	   women,	   but	   the	   score	   was	   found	   also	   to	   be	   suitable	   for	  
nulliparous	   women47.	   Taken	   together,	   before	   rupturing	   membranes	   and	   starting	   oxytocin,	   it	   is	  
important	  to	  ripen	  the	  cervix.	  There	  are	  several	  different	  methods	  for	  cervical	  ripening,	  that	  can	  be	  

categorized	  in	  mechanical	  (Foley	  catheter)	  and	  pharmacological	  (prostaglandins)	  methods.	  	  

  
Criteria Score 

 0 1 2 3 

Position of cervix Posterior Mid-position Anterior --- 

Station of the fetal head Hodge 1 Hodge 2 Hodge 3 Hodge 4 

Consistency of cervix Firm  Medium Soft ---- 

Cervical dilatation Closed 1-2 cm 3-4 cm >5 cm 

Effacement of cervix 0-30% 40-50% 60-70% >80% 

Figure  1.  Bishop’s	  scoring	  system	  for	  cervical	  ripeness.	  
	  

Physiological  course  of  cervical  changes  during  pregnancy  
To	   understand	   the	   possible	   working	   mechanism	   of	   different	   methods	   for	   cervical	   ripening,	   it	   is	  

prerequisite	   to	   understand	   the	   physiological	   course	   of	   cervical	   changes	   during	   pregnancy.	   The	  
function	  of	  the	  cervix	  during	  pregnancy	  is	  to	  maintain	  enough	  strength	  to	  keep	  the	  fetus	  in	  utero	  and	  

protect	   it	   from	  external	  micro-‐organisms.	   	  Once	  the	  baby	  has	  developed,	  the	  function	  of	  the	  cervix	  
chances,	   and	   suddenly	   it	   should	  allow	   the	  baby	   to	  be	  born.	  Cervical	   remodelling	  during	  pregnancy	  
occurs	  in	  4	  specific	  and	  unique	  stages,	  which	  can	  be	  categorized	  in	  softening,	  ripening,	  dilatation,	  and	  

postpartum	   repair48.	   Each	   stage	   of	   remodelling	   is	   characterized	   with	   unique	   endocrinologic	   and	  
structural	  features.	  The	  endocrine	  environment	  includes	  epithelial,	  stromal,	  immune	  and	  endothelial	  
cell	   function	  and	   the	   structural	   features	   include	   the	   composition	  and	   structure	  of	   the	  extracellular	  

matrix48.	  	  
The	  first	  stage,	  softening	  of	  the	  cervix,	  begins	  in	  the	  first	  trimester	  of	  pregnancy48.	  The	  cervix	  consists	  
primarily	  of	   collagen,	  a	   fibrous	  connective	   tissue	   that	  undergoes	  extensive	   remodelling	   throughout	  
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all stages of pregnancy. The cervix has three seamless zones of structured collagen: the innermost 
and outermost rings of stroma contain collagen fibres aligned in the longitudinal direction, and the 
middle layer contains collagen fibres aligned in the circumferential direction49. The solubility of 
collagen is higher during the softening phase, correlating with an increase in collagen turnover. This 
newly synthesized collagen in pregnancy has a lower degree of crosslinking. Cross-link density has 
been found to correlate with mechanical strength of collagenous tissue49. Thereby the cervix changes 
from closed and firm to a more compliant structure, however, it largely maintains its strength and 
shape. This process of softening is a relatively slow process occupying several months48,50.   
The second phase, ripening, is a more accelerative phase occurring in the weeks or days before active 
labour. The structure and arrangements of cervical collagen changes drastically in the ripening phase 
48. The collagen fibres of the cervix diminish and separate primarily because of a reduction of 
hydrophilic glycosaminoglucans and an increase of hyaluronic acid49.  The altered hyaluronic acid and 
glycosaminoglucans levels change the osmotic pressure and thereby increase fluid influx and as a 
result further softening and dilatation of the cervix occurs. Prostaglandins play an important role in 
this process. Arachidonic acid is a prostaglandin precursor, which is present in all cell membranes. 
Furthermore, it has been proposed that there is a higher influx of inflammatory cells during the 
ripening phase. It is known that inflammatory cells produce prostaglandins as well. Prostaglandins 
alter extracellular grounds substance of the cervix by increasing collagenase, elastase, dermatan 
sulphate, and hyaluronic acid levels. Thereby, further softening, effacement and dilatation (mostly up 
to 2 cm of dilatation) occur in the ripening phase of the cervix51.  
After cervical ripening, the active phase of labour starts, where further dilatation takes place mostly 
due to direct pressure on the cervix derived from uterine contractions. Lastly, in the fourth phase the 
repair phase starts immediately after birth and ends with the completion of uterine involution48. 
 
Mechanical methods (Foley catheter); working mechanism 
The first description of mechanical methods for labour induction date from the time of Hippocrates, 
who suggested cervical dilatation by inserting tree branches into the vagina and tossing1. The use of a 
balloon catheter as induction method was first described in 1862 by Tarnier, who proposed the 
insertion of a balloon device through the cervix and placement in the lower segment of the uterus, 
thus facilitating stretching and further dilatation of the cervix. However, in those days the balloons 
were filled with up to 500 ml of saline. Common side effects were prolapse of the umbilical cord and 
alternation of the presenting part of the foetus1. It is unclear when the Foley catheter, mostly filled 
with 30-80 ml of saline, was first used as an induction method, but the first reports of its use 
appeared in 1967 (figure 2)52. 
How a Foley catheter is capable of achieving cervical ripeness is still not completely understood. The 
hypothesized mechanism of action is twofold. The first is mechanical, by direct dilatation through 
pressure on the cervix.  Secondly, by releasing endogenous prostaglandins from the cervix53,54.  
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Figure 2. Foley catheter, inserted passed the internal os of the cervix and filled with 30 ml of saline. 
 
Pharmacological methods (prostaglandins); working mechanism 
The first prostaglandin effects were discovered in 1930 by Kurzoak and Lieb. They found that during 
artificial insemination, semen injected into the uterus was instantaneously expelled55. Goldblatt 
discovered a powerful vasodilator substance in 1935 with the ability to stimulate uterine muscle 
activity derived from human semen56. Later that year, van Euler named this agent prostaglandin as it 
was found in seminal fluid from the prostate gland55.  
Prostaglandin receptors can be found in the cervix as well as in the myometrium57. Thereby, 
prostaglandins not only play an important role in cervical ripening, but also have effect on uterine 
contractility51. The working mechanism of prostaglandins in the female reproductive tract can be 
distinguished in two major components:  

1.  Alteration of extracellular grounds substance of cervix by increasing collagenase, elastase, 
dermatan sulphate, and hyaluronic acid levels, and thereby inducing the ripening process of 
the cervix.  

2. Gap junction formation leading to initiation of uterine contractions57. Unlike oxytocin which 
requires an induction of receptors that does not usually occur until the later part of 
pregnancy, prostaglandins receptors are always present on uterine cells58. 

The problem with endogenous prostaglandins for obstetrical use is that they have a half-life of only 
seconds, and a low oral bioavailability. Between 1970 and 1980 synthetic prostaglandins were 
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created,	   with	   slight	   structural	   modifications	   that	   led	   to	   an	   increase	   in	   anti-‐secretory	   potency,	   an	  

increase	  in	  duration	  of	  action	  (longer	  half-‐life)	  and	  improved	  bioavailability	  (figure	  3)57,59.	  	  
Although	  mechanical	  methods	  such	  as	  the	  Foley	  catheter	  were	  the	  first	  method	  of	  choice	  for	  a	  long	  
time,	   when	   synthetic	   prostaglandins	   were	   introduced,	   they	   largely	   took	   over	   the	   market	   for	  

induction	  of	   labour51.	   The	   introduction	  of	   prostaglandins	  was	  partly	   driven	  by	   commercial	  motives	  
and	  not	  supported	  by	  strong	  evidence	  of	  equivalent	  or	  better	  safety	  and	  effectiveness	  than	  the	  older	  
methods	   such	   as	   the	   Foley	   catheter.	   This	   is	   regrettable,	   especially	   considering	   the	   broad	   range	   of	  

different	   preparations,	   dosing	   and	   administration	   regimes	   that	   were	   developed.	   Because	   of	   the	  
exogenous	   administration	   of	   prostaglandins,	   levels	   can	   accelerate	   to	   a	   critically	   high	   level,	   which	  
induces	   possible	   side	   effects	   such	   as	   hyperstimulation	   (6	   or	  more	   contractions	   in	   10	  minutes	  with	  

fetal	  heart	   rate	  changes).	  Due	   to	  hyperstimulation	   the	  placental	  blood	   flow	  reduces,	   inducing	   fetal	  
hypoxia	   and	   as	   a	   result	   neonatal	   asphyxia	   can	   occur.	   Another	   possible	   consequence	   of	  
hyperstimulation	  is	  uterine	  fatigue	  with	  subsequential	  postpartum	  haemorrhage.	  

	  

  
Figure   3.	   Endogenous	   prostaglandin	   E1	   (top).	   Synthetic	   variant	   prostaglandin	   E1,	   misoprostol	  
(bottom).	  

	  

Different  prostaglandin  preparations  for  induction  of  labour  compared  
The	   most	   frequently	   used	   prostaglandins	   for	   cervical	   ripening	   are	   prostaglandin	   E1	   and	   E2	  

analogues60.	   Both	   analogues	   have	   a	   different	   structure,	   and	   therefore	   different	   affinities	   to	  
prostaglandin	   receptors61.	   Prostaglandin	   E1	   analogue	  misoprostol	   is	   a	   selective	   E-‐series	   prostanoid	  
2/3	   receptor	   agonist,	   and	   Prostaglandin	   E2	   is	   an	   agonist	   to	   all	   E-‐series	   prostanoid	   receptors62.	  

Different	  receptor	  preferences	  clarify	  the	  fact	  that	  prostaglandin	  preparations	  have	  diverse	  effects63. 
A	   recently	   published	   network	   meta-‐analysis	   showed	   that,	   from	   all	   prostaglandins,	   low	   dose	   (<50	  
microgram)	   titrated	   oral	   misoprostol	   solution	   has	   the	   lowest	   probability	   of	   caesarean	   section,	  

whereas	   vaginal	   misoprostol	   (≥50	   microgram)	   has	   the	   highest	   probability	   of	   achieving	   a	  	  
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vaginal	  delivery	  within	  24	  hours,	  but	  also	  had	  the	  highest	  incidence	  of	  uterine	  hyperstimulation	  with	  

fetal	  heart	  rate	  changes64.	   
	  

Different  administration  routes  of  misoprostol  
Misoprostol	   was	   initially	   developed	   in	   1986	   for	   the	   prevention	   and	   treatment	   of	   gastrointestinal	  
ulcers	   and	   peptic	   ulcer	   disease	   caused	   by	   prostaglandin	   inhibitors	   such	   as	   non-‐steroidal	   anti-‐
inflammatory	  drugs	  (NSAIDS)57.	  Studies	  in	  late	  1980’s	  and	  early	  1990	  noted	  that	  oral	  administration	  

of	  misoprostol	  causes	  uterine	  contractions.	  Although	  misoprostol	   is	  not	  approved	  by	   the	  Food	  and	  
Drug	   Administration	   for	   induction	   of	   labour,	   it	   is	   recommended	   by	   the	   American	   College	   of	  
Obstetricians	   and	   Gynecologists,	   The	   British	   Royal	   College	   of	   Obstetricians	   and	   Gynaecologists,	   as	  

well	   as	   the	   International	   Federation	   of	   Gynaecology	   and	   Obstetrics	   (FIGO)	   and	   the	  World	   Health	  
Organization	  for	  the	  use	  of	   induction	  of	   labour65-‐68.	  Thereby,	  off-‐label	  use	  for	   induction	  of	   labour	   is	  
currently	  daily	  routine	  in	  many	  countries.	  	  

Misoprostol	   was	   developed	   for	   oral	   use.	   In	   the	   obstetric	   use	   other	   routes	   such	   as	   vaginally,	  
sublingually,	   buccal	   and	   rectal	   administration	   have	   also	   been	   used	   extensively69.	   Over	   the	   past	  
decade	  there	  have	  been	  a	  number	  of	  studies	  looking	  at	  the	  pharmacokinetic	  profile	  of	  various	  routes	  

of	  administration	  of	  misoprostol57.	  	  
Following	  oral	  intake,	  misoprostol	  is	  rapidly	  and	  extensively	  metabolized	  in	  the	  liver	  via	  the	  first-‐pass	  
effect	  into	  misoprostol	  acid,	  its	  primary	  active	  metabolite.	  Misoprostol	  acid	  is	  responsible	  for	  activity	  

at	   the	  cellular	   level	  and	  can	  be	  measured	   in	  plasma.	  After	  oral	  dosing,	  plasma	   levels	  peak	   in	  20-‐30	  
minutes,	   then	   quickly	   decline	   in	   2	   hours,	   at	   which	   point	   they	   stay	   at	   low	   levels51.	  	  
The	  duration	  of	  action	  is	  thereby	  2	  hours	  and	  mean	  time	  to	  sustained	  uterine	  activity	  is	  90	  minutes.	  

The	  biologic	  activity	  of	  oral	  misoprostol	  is	  equivalent	  to	  vaginal	  administration	  when	  the	  oral	  dose	  is	  
twice	  the	  vaginal	  dose69.	  	  
The	  peak	  plasma	   level	   of	  misoprostol	   after	   vaginal	   administration	   is	   60-‐80	  minutes,	  with	   a	  plasma	  

half-‐life	   of	   60	  minutes.	   The	   duration	   of	   action	   appears	   to	   be	   4,5	   to	   5	   hours,	  with	   detectable	   drug	  
levels	   still	   present	   after	   6	   hours57.	   Vaginal	   absorption	   has	   been	   shown	   to	   be	   slower	   and	   the	   peak	  
concentrations	   lower	   than	   that	   for	   the	   other	   routes.	   In	   fact,	   after	   6	   hours	   the	   serum	   level	   of	  

misoprostol	  after	  vaginal	  administration	  is	  higher	  compared	  to	  the	  oral	  route.	  Therefore,	  the	  effect	  
of	  misoprostol	  may	  be	  present	  for	  more	  than	  6	  hours.	  However,	  the	  threshold	  serum	  level	  for	  clinical	  
action	  is	  unknown	  and	  probably	  differs	  between	  different	  women.	  Furthermore,	  vaginal	  absorption	  

of	   misoprostol	   is	   inconsistent.	   In	   clinical	   practice,	   remnants	   of	   tablets	   are	   sometimes	   seen	   many	  
hours	   after	   vaginal	   administration,	   indicating	   that	   the	   absorption	   is	   variable	   and	   incomplete.	   This	  
may	   be	   due	   to	   the	   variation	   between	   women	   in	   the	   amount	   and	   pH	   of	   the	   vaginal	   discharge.	  

Variation	   in	   the	   amount	   of	   bleeding	   may	   also	   affect	   the	   absorption	   of	   misoprostol	   through	   the	  
vaginal	  mucosa	  in	  a	  negative	  way57.	  
The	  longer	  times	  to	  peak	  plasma	  concentrations,	  slightly	  reduced	  plasma	  concentrations	  and	  longer	  

drug	  exposure	  might	  increase	  the	  risk	  	  of	  hyperstimulation	  in	  vaginal	  use	  of	  misoprostol	  compared	  to	  
oral	  use51,69.	  In	  addition,	  chemical	  properties	  may	  be	  altered	  if	  the	  tablet	  is	  exposed	  to	  lubrication	  gel,	  

which	  could	  inactivate	  the	  misoprostol51.	  	  

  
Misoprostol  versus  Foley  catheter  
While	   the	   principles	   of	   induction	   of	   labour	  with	   either	   prostaglandins	   or	   Foley	   catheter	   have	   long	  
been	   known,	   and	   their	   efficacy	   had	   been	   established	   since	   long,	   comparative	   studies	   have	   been	  
lacking.	   Industry	   has	   mainly	   pushed	   for	   the	   evaluation	   of	   prostaglandins,	   driven	   by	   commercial	  
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motives. Jozwiak et al. showed that induction of labour with a Foley catheter is as effective as 
induction with intravaginal prostaglandin E2 gel, with fewer maternal and neonatal side-effects 
(PROBAAT trial)70. The caesarean section rate was comparable. In a meta-analysis of three trials on 
the subject, the Foley catheter revealed a lower rate of hyperstimulation, resulting in fewer cases of 
neonatal asphyxia and less postpartum haemorrhage70.  
Although numerous studies have been conducted to compare Foley catheter to different misoprostol 
preparations, definite answers have not been given because the studies were underpowered . Most 
studies focused on time to and mode of delivery. Safety, however, meaning the capacity to prevent 
asphyxia and postpartum haemorrhage, is not well studied but is considerably more important than 
a fast delivery. The aim of this thesis was therefore to investigate misoprostol compared to Foley 
catheter as induction agent in term pregnant women with an unfavourable cervix. One could 
hypothesize that - compared to Foley catheter misoprostol, either vaginal or oral, results in more 
uterine contractility due the administration of exogenous prostaglandins in combination with 
endogenous release, thus increasing the chance of fetal distress and postpartum haemorrhage. 
Furthermore, in a time of paucity of economic means, financial costs become increasingly important. 
Especially with an intervention used as frequently as induction of labour, it is important to note 
economic aspects of an induction method. Another point of interest is the experience with and 
preference for an induction method by the women themselves. This aspect will become increasingly 
important in a world where medical decisions are more and more made together with the patient.  
 
Specific research questions 

- Is the Foley catheter safer than 25 microgram vaginal misoprostol? 
- Does the Foley catheter have a comparable safety and effectiveness profile as oral 

misoprostol? 
- Is the Foley catheter for induction of labour cost effective when compared to oral 

misoprostol? 
- What are the women’s experiences with and preferences for different induction of labour 

methods? 
- What is the safest and most effective induction method regarding all different Foley catheter 

fillings and misoprostol administrations, dosage and routes? 
 

Outline of this thesis 
Chapter one presents the general introduction outlining the rationale behind the research performed 
in this thesis. 
 
Chapter two describes the results of a randomised controlled trial (PROBAAT-M) and meta-analysis of 
studies comparing Foley catheter to 25 microgram vaginal misoprostol. This randomised controlled 
trial was conducted parallel to the previous PROBAAT study performed by Jozwiak et al. 
 
Chapter three describes the research protocol set up for the PROBAAT-II study, comparing the Foley 
catheter to 50 microgram oral misoprostol. 
 
Chapter four contains the results of the PROBAAT-II study, a multi-centre randomised controlled trial 
comparing Foley catheter to 50 microgram oral misoprostol in term pregnant women with an 
unfavourable cervix. 
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Chapter five represents an economic analysis and cost minimization analysis of Foley catheter 
compared to oral misoprostol. This study was conducted alongside the PROBAAT-II study and handles 
different scenarios of ripening at home in an outpatient setting, in the antenatal ward and in the 
labour room. 
 
Chapter six reports on the experiences with, and preferences for induction of labour with a Foley 
catheter or oral misoprostol. 
 
Chapter seven is a systematic review and meta-analysis of studies comparing Foley catheter to 
different dosages and administration routes of misoprostol. 
 
Chapter eight contains the summary and general discussion, in which the outcomes of the current 
thesis and future perspectives on labour induction are conferred. 
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motives.	   Jozwiak	   et	   al.   showed	   that	   induction	   of	   labour	   with	   a	   Foley	   catheter	   is	   as	   effective	   as	  

induction	   with	   intravaginal	   prostaglandin	   E2	   gel,	   with	   fewer	   maternal	   and	   neonatal	   side-‐effects	  
(PROBAAT	  trial)70.	  The	  caesarean	  section	  rate	  was	  comparable.	   In	  a	  meta-‐analysis	  of	  three	  trials	  on	  
the	  subject,	  the	  Foley	  catheter	  revealed	  a	  lower	  rate	  of	  hyperstimulation,	  resulting	  in	  fewer	  cases	  of	  

neonatal	  asphyxia	  and	  less	  postpartum	  haemorrhage70.	  	  
Although	  numerous	  studies	  have	  been	  conducted	  to	  compare	  Foley	  catheter	  to	  different	  misoprostol	  
preparations,	  definite	  answers	  have	  not	  been	  given	  because	  the	  studies	  were	  underpowered	  .	  Most	  

studies	  focused	  on	  time	  to	  and	  mode	  of	  delivery.	  Safety,	  however,	  meaning	  the	  capacity	  to	  prevent	  
asphyxia	  and	  postpartum	  haemorrhage,	  is	  not	  well	  studied	  but	  is	  considerably	  more	  important	  than	  
a	   fast	   delivery.	   The	   aim	  of	   this	   thesis	  was	   therefore	   to	   investigate	  misoprostol	   compared	   to	   Foley	  

catheter	   as	   induction	   agent	   in	   term	   pregnant	   women	   with	   an	   unfavourable	   cervix.	   One	   could	  
hypothesize	   that	   -‐	   compared	   to	   Foley	   catheter	  misoprostol,	   either	   vaginal	   or	   oral,	   results	   in	  more	  
uterine	   contractility	   due	   the	   administration	   of	   exogenous	   prostaglandins	   in	   combination	   with	  

endogenous	   release,	   thus	   increasing	   the	   chance	   of	   fetal	   distress	   and	   postpartum	   haemorrhage.	  
Furthermore,	  in	  a	  time	  of	  paucity	  of	  economic	  means,	  financial	  costs	  become	  increasingly	  important.	  
Especially	   with	   an	   intervention	   used	   as	   frequently	   as	   induction	   of	   labour,	   it	   is	   important	   to	   note	  

economic	   aspects	   of	   an	   induction	   method.	   Another	   point	   of	   interest	   is	   the	   experience	   with	   and	  
preference	  for	  an	  induction	  method	  by	  the	  women	  themselves.	  This	  aspect	  will	  become	  increasingly	  
important	  in	  a	  world	  where	  medical	  decisions	  are	  more	  and	  more	  made	  together	  with	  the	  patient.	  	  

	  

Specific  research  questions  
-‐ Is	  the	  Foley	  catheter	  safer	  than	  25	  microgram	  vaginal	  misoprostol?	  
-‐ Does	   the	   Foley	   catheter	   have	   a	   comparable	   safety	   and	   effectiveness	   profile	   as	   oral	  

misoprostol?	  
-‐ Is	   the	   Foley	   catheter	   for	   induction	   of	   labour	   cost	   effective	   when	   compared	   to	   oral	  

misoprostol?	  
-‐ What	   are	   the	  women’s	   experiences	  with	   and	   preferences	   for	   different	   induction	   of	   labour	  

methods?	  
-‐ What	  is	  the	  safest	  and	  most	  effective	  induction	  method	  regarding	  all	  different	  Foley	  catheter	  

fillings	  and	  misoprostol	  administrations,	  dosage	  and	  routes?	  
	  

Outline  of  this  thesis  
Chapter  one	  presents	  the	  general	  introduction	  outlining	  the	  rationale	  behind	  the	  research	  performed	  
in	  this	  thesis.	  

	  

Chapter  two	  describes	  the	  results	  of	  a	  randomised	  controlled	  trial	  (PROBAAT-‐M)	  and	  meta-‐analysis	  of	  
studies	  comparing	  Foley	  catheter	   to	  25	  microgram	  vaginal	  misoprostol.	  This	   randomised	  controlled	  

trial	  was	  conducted	  parallel	  to	  the	  previous	  PROBAAT	  study	  performed	  by	  Jozwiak	  et	  al.	  
	  

Chapter  three	  describes	  the	  research	  protocol	  set	  up	  for	  the	  PROBAAT-‐II	  study,	  comparing	  the	  Foley	  

catheter	  to	  50	  microgram	  oral	  misoprostol.	  
	  

Chapter  four	  contains	  the	  results	  of	  the	  PROBAAT-‐II	  study,	  a	  multi-‐centre	  randomised	  controlled	  trial	  
comparing	   Foley	   catheter	   to	   50	   microgram	   oral	   misoprostol	   in	   term	   pregnant	   women	   with	   an	  

unfavourable	  cervix.	  
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Chapter   five	   represents	   an	   economic	   analysis	   and	   cost	   minimization	   analysis	   of	   Foley	   catheter	  
compared	  to	  oral	  misoprostol.	  This	  study	  was	  conducted	  alongside	  the	  PROBAAT-‐II	  study	  and	  handles	  
different	   scenarios	   of	   ripening	   at	   home	   in	   an	   outpatient	   setting,	   in	   the	   antenatal	  ward	   and	   in	   the	  
labour	  room.	  

	  

Chapter  six	  reports	  on	  the	  experiences	  of	  women	  with,	  and	  preferences	  for	  induction	  of	  labour	  with	  
a	  Foley	  catheter	  or	  oral	  misoprostol.	  

	  

Chapter   seven	   is	   a	   systematic	   review	   and	   meta-‐analysis	   of	   studies	   comparing	   Foley	   catheter	   to	  
different	  dosages	  and	  administration	  routes	  of	  misoprostol.	  

	  

Chapter  eight	   contains	   the	  summary	  and	  general	  discussion,	   in	  which	   the	  outcomes	  of	   the	  current	  
thesis	  and	  future	  perspectives	  on	  labour	  induction	  are	  conferred.	  
	  



1

19

References 
 1 Speert H. Obstetrics and Gynecology in America: A history. Baltimore 1980. 
 2 Koopmans CM, Bijlenga D, Aarnoudse JG, van BE, Bekedam DJ, van den Berg PP et al. Induction 

of labour versus expectant monitoring in women with pregnancy induced hypertension or mild 
preeclampsia at term: the HYPITAT trial. BMC Pregnancy Childbirth 2007; 7: 14. 

 3 Broekhuijsen K, van Baaren GJ, van Pampus MG, Ganzevoort W, Sikkema JM, Woiski MD et al. 
Immediate delivery versus expectant monitoring for hypertensive disorders of pregnancy 
between 34 and 37 weeks of gestation (HYPITAT-II): an open-label, randomised controlled trial. 
Lancet 2015; 385: 2492-501. 

 4 Puljic A, Kim E, Page J, Esakoff T, Shaffer B, LaCoursiere DY et al. The risk of infant and fetal 
death by each additional week of expectant management in intrahepatic cholestasis of 
pregnancy by gestational age. Am J Obstet Gynecol 2015; 212: 667-5. 

 5 Kessous R, Weintraub AY, Sergienko R, Lazer T, Press F, Wiznitzer A et al. Bacteruria with 
group-B streptococcus: is it a risk factor for adverse pregnancy outcomes? J Matern Fetal 
Neonatal Med 2012; 25: 1983-6. 

 6 Hedegaard M, Lidegaard O, Skovlund CW, Morch LS, Hedegaard M. Perinatal outcomes 
following an earlier post-term labour induction policy: a historical cohort study. BJOG 2015; 
122: 1377-85. 

 7 Kjos SL, Henry OA, Montoro M, Buchanan TA, Mestman JH. Insulin-requiring diabetes in 
pregnancy: a randomised trial of active induction of labor and expectant management. Am J 
Obstet Gynecol 1993; 169: 611-5. 

 8 Boers KE, Vijgen SM, Bijlenga D, van der Post JA, Bekedam DJ, Kwee A et al. Induction versus 
expectant monitoring for intrauterine growth restriction at term: randomised equivalence trial 
(DIGITAT). BMJ 2010; 341: c7087. 

 9 Snydal S. Major changes in diagnosis and management of preeclampsia. J Midwifery Womens 
Health 2014; 59: 596-605. 

 10 Mautner E, Greimel E, Trutnovsky G, Daghofer F, Egger JW, Lang U. Quality of life outcomes in 
pregnancy and postpartum complicated by hypertensive disorders, gestational diabetes, and 
preterm birth. J Psychosom Obstet Gynaecol 2009; 30: 231-7. 

 11 Osterman MJ, Martin JA. Recent declines in induction of labor by gestational age. NCHS Data 
Brief 2014;  1-8. 

 12 Perinataal register Nederland. Perinatale zorg in Nederland 2013. 2015. 
http://www.perinatreg.nl/uploads/150/153/PRN_jaarboek_2013_09122014.pdf (accessed Feb 
15, 2015). 

 13 NSW Midwives Data Collection 2012. NSW Public Health Bulletin: Mothers and Babies, NSW 
Department of Health. NSW Midwives Data Collection 2012. 2015. 
http://www.health.nsw.gov.au/hsnsw/Publications/mothers-and-babies-2012.pdf (accessed 
Oct 10, 2015). 

 14 The European Perinatal Health Report 2010. EURO-PERISTAT Project, with SCPE EUROCAT 
EURONEOSTAT. The European Perinatal Health Report 2010. 2015. 
http://www.europeristat.com/reports/european-perinatal-health-report-2010 (accessed Nov 
2, 2015). 

 15 Bateman BT, Bansil P, Hernandez-Diaz S, Mhyre JM, Callaghan WM, Kuklina EV. Prevalence, 
trends, and outcomes of chronic hypertension: a nationwide sample of delivery admissions. 
Am J Obstet Gynecol 2012; 206: 134-8. 

 16 Bramham K, Parnell B, Nelson-Piercy C, Seed PT, Poston L, Chappell LC. Chronic hypertension 
and pregnancy outcomes: systematic review and meta-analysis. BMJ 2014; 348: g2301. 

 17 Hutcheon JA, Lisonkova S, Magee LA, von DP, Woo HL, Liu S et al. Optimal timing of delivery in 
pregnancies with pre-existing hypertension. BJOG 2011; 118: 49-54. 

 18 Report of the National High Blood Pressure Education Program Working Group on High Blood 
Pressure in Pregnancy. Am J Obstet Gynecol 2000; 183: S1-S22. 



20

 19 Abalos E, Cuesta C, Grosso AL, Chou D, Say L. Global and regional estimates of preeclampsia 
and eclampsia: a systematic review. Eur J Obstet Gynecol Reprod Biol 2013; 170: 1-7. 

 20 Duley L. The global impact of pre-eclampsia and eclampsia. Semin Perinatol 2009; 33: 130-7. 
 21 Sanchez-Ramos L, Olivier F, Delke I, Kaunitz AM. Labor induction versus expectant 

management for postterm pregnancies: a systematic review with meta-analysis. Obstet 
Gynecol 2003; 101: 1312-8. 

 22 Kortekaas JC, Bruinsma A, Keulen JK, van DJ, Oudijk MA, Zwart JJ et al. Effects of induction of 
labour versus expectant management in women with impending post-term pregnancies: the 41 
week - 42 week dilemma. BMC Pregnancy Childbirth 2014; 14: 350. 

 23 Kazemier BM, Voskamp BJ, Ravelli AC, Pajkrt E, Groot CJ, Mol BW. Optimal timing of delivery in 
small for gestational age fetuses near term: a national cohort study. Am J Perinatol 2015; 30: 
177-86. 

 24 van Wijk L, Boers KE, van der Post JA, van Pampus MG, van Wassenaer AG, van Baar AL et al. 
Effects on (neuro)developmental and behavioral outcome at 2 years of age of induced labor 
compared with expectant management in intrauterine growth-restricted infants: long-term 
outcomes of the DIGITAT trial. Am J Obstet Gynecol 2012; 206: 406-7. 

 25 Hunter DJ, Milner R. Gestational diabetes and birth trauma. Am J Obstet Gynecol 1985; 152: 
918-9. 

 26 Penney GC, Mair G, Pearson DW. Outcomes of pregnancies in women with type 1 diabetes in 
Scotland: a national population-based study. BJOG 2003; 110: 315-8. 

 27 de Valk HW, van Nieuwaal NH, Visser GH. Pregnancy outcome in type 2 diabetes mellitus: a 
retrospective analysis from the Netherlands. Rev Diabet Stud 2006; 3: 134-42. 

 28 Boulvain M, Stan C, Irion O. Elective delivery in diabetic pregnant women. Cochrane Database 
Syst Rev 2001; 2: CD001997. 

 29 ACOG Practice Bulletin. Clinical Management Guidelines for Obstetrician-Gynecologists. 
Number 60, March 2005. Pregestational diabetes mellitus. Obstet Gynecol 2005; 105: 675-85. 

 30 Sanchez-Ramos L, Bernstein S, Kaunitz AM. Expectant management versus labor induction for 
suspected fetal macrosomia: a systematic review. Obstet Gynecol 2002; 100: 997-1002. 

 31 Cheng YW, Sparks TN, Laros RK, Jr., Nicholson JM, Caughey AB. Impending macrosomia: will 
induction of labour modify the risk of caesarean delivery? BJOG 2012; 119: 402-9. 

 32 Ben-Haroush A, Yogev Y, Hod M, Bar J. Predictive value of a single early fetal weight estimate in 
normal pregnancies. Eur J Obstet Gynecol Reprod Biol 2007; 130: 187-92. 

 33 Souka AP, Papastefanou I, Pilalis A, Michalitsi V, Panagopoulos P, Kassanos D. Performance of 
the ultrasound examination in the early and late third trimester for the prediction of birth 
weight deviations. Prenat Diagn 2013; 33: 915-20. 

 34 Boulvain M, Senat MV, Perrotin F, Winer N, Beucher G, Subtil D et al. Induction of labour versus 
expectant management for large-for-date fetuses: a randomised controlled trial. Lancet 2015; 
385: 2600-5. 

 35 Oddie S, Embleton ND. Risk factors for early onset neonatal group B streptococcal sepsis: case-
control study. BMJ 2002; 325: 308. 

 36 Ladfors L, Mattsson LA, Eriksson M, Fall O. A randomised trial of two expectant managements 
of prelabour rupture of the membranes at 34 to 42 weeks. Br J Obstet Gynaecol 1996; 103: 
755-62. 

 37 van der Ham DP, Vijgen SM, Nijhuis JG, van Beek JJ, Opmeer BC, Mulder AL et al. Induction of 
labor versus expectant management in women with preterm prelabor rupture of membranes 
between 34 and 37 weeks: a randomised controlled trial. PLoS Med 2012; 9: e1001208. 

 38 Brouwers L, Koster MP, Page-Christiaens GC, Kemperman H, Boon J, Evers IM et al. Intrahepatic 
cholestasis of pregnancy: maternal and fetal outcomes associated with elevated bile acid 
levels. Am J Obstet Gynecol 2015; 212: 100-7. 

 39 Gurung V, Middleton P, Milan SJ, Hague W, Thornton JG. Interventions for treating cholestasis 
in pregnancy. Cochrane Database Syst Rev 2013; 6: CD000493. 



1

21

 40 Vrouenraets FP, Roumen FJ, Dehing CJ, van den Akker ES, Aarts MJ, Scheve EJ. Bishop score and 
risk of cesarean delivery after induction of labor in nulliparous women. Obstet Gynecol 2005; 
105: 690-7. 

 41 Mishanina E, Rogozinska E, Thatthi T, Uddin-Khan R, Khan KS, Meads C. Use of labour induction 
and risk of cesarean delivery: a systematic review and meta-analysis. CMAJ 2014; 186: 665-73. 

 42 Wood S, Cooper S, Ross S. Does induction of labour increase the risk of caesarean section? A 
systematic review and meta-analysis of trials in women with intact membranes. BJOG 2014; 
121: 674-85. 

 43 Crane JM, Delaney T, Butt KD, Bennett KA, Hutchens D, Young DC. Predictors of successful 
labor induction with oral or vaginal misoprostol. J Matern Fetal Neonatal Med 2004; 15: 319-
23. 

 44 Bishop EH. PELVIC SCORING FOR ELECTIVE INDUCTION. Obstet Gynecol 1964; 24: 266-8. 
 45 Burnett JE, Jr. Preinduction scoring: an objective approach to induction of labor. Obstet 

Gynecol 1966; 28: 479-83. 
 46 Jozwiak M, Bloemenkamp KW, Kelly AJ, Mol BW, Irion O, Boulvain M. Mechanical methods for 

induction of labour. Cochrane Database Syst Rev 2012; 3: CD001233. 
 47 Dhall K, Mittal SC, Kumar A. Evaluation of preinduction scoring systems. Aust N Z J Obstet 

Gynaecol 1987; 27: 309-11. 
 48 Timmons B, Akins M, Mahendroo M. Cervical remodeling during pregnancy and parturition. 

Trends Endocrinol Metab 2010; 21: 353-61. 
 49 Myers K, Socrate S, Tzeranis D, House M. Changes in the biochemical constituents and 

morphologic appearance of the human cervical stroma during pregnancy. Eur J Obstet Gynecol 
Reprod Biol 2009; 144 Suppl 1: S82-S89. 

 50 Myers KM, Socrate S, Paskaleva A, House M. A study of the anisotropy and 
tension/compression behavior of human cervical tissue. J Biomech Eng 2010; 132: 021003. 

 51 Yount SM, Lassiter N. The pharmacology of prostaglandins for induction of labor. J Midwifery 
Womens Health 2013; 58: 133-44. 

 52 Embrey MP, Mollison BG. The unfavourable cervix and induction of labour using a cervical 
balloon. J Obstet Gynaecol Br Commonw 1967; 74: 44-8. 

 53 Keirse MJ, Thiery M, Parewijck W, Mitchell MD. Chronic stimulation of uterine prostaglandin 
synthesis during cervical ripening before the onset of labor. Prostaglandins 1983; 25: 671-82. 

 54 Manabe Y, Manabe A, Takahashi A. F prostaglandin levels in amniotic fluid during balloon-
induced cervical softening and labor at term. Prostaglandins 1982; 23: 247-56. 

 55 Benrubi GI. Labor induction: historic perspectives. Clin Obstet Gynecol 2000; 43: 429-32. 
 56 Goldblatt MW. Constituents of human seminal plasma. Biochem J 1935; 29: 1346-57. 
 57 Tang OS, Gemzell-Danielsson K, Ho PC. Misoprostol: pharmacokinetic profiles, effects on the 

uterus and side-effects. Int J Gynaecol Obstet 2007; 99 Suppl 2: S160-S167. 
 58 Soloff MS. Regulation of oxytocin action at the receptor level. Life Sci 1979; 25: 1453-60. 
 59 Rath W, Osmers R, Adelmann-Grill BC, Stuhlsatz HW, Szevereny M, Kuhn W. Biochemical 

changes in human cervical connective tissue after intracervical application of prostaglandin E2. 
Prostaglandins 1993; 45: 375-84. 

 60 Huisman CM, Jozwiak M, de Leeuw JW, Mol BW, Bloemenkamp KW. Cervical ripening in the 
Netherlands: a survey. Obstet Gynecol Int 2013; 2013: 745159. 

 61 Coleman RA, Smith WL, Narumiya S. International Union of Pharmacology classification of 
prostanoid receptors: properties, distribution, and structure of the receptors and their 
subtypes. Pharmacol Rev 1994; 46: 205-29. 

 62 Senior J, Marshall K, Sangha R, Clayton JK. In vitro characterization of prostanoid receptors on 
human myometrium at term pregnancy. Br J Pharmacol 1993; 108: 501-6. 

 63 O'Brien WF. The role of prostaglandins in labor and delivery. Clin Perinatol 1995; 22: 973-84. 
 64 Alfirevic Z, Keeney E, Dowswell T, Welton NJ, Dias S, Jones LV et al. Labour induction with 

prostaglandins: a systematic review and network meta-analysis. BMJ 2015; 350: h217. 



22

 65 RCOG. RCOG induction of labour. 2001. 
http://www.perinatal.sld.cu/docs/guiasclinicas/inductionoflabour.pdf 

 66 World Health Organization. WHO recommendations for induction of labour. 2011. 
http://whqlibdoc.who.int/publications/2011/9789241501156_eng.pdf (accessed Nov 2, 2015). 

 67 ACOG Practice Bulletin No. 107: Induction of labor. Obstet Gynecol 2009; 114: 386-97. 
 68 FIGO. FIGO recommendations for induction of labour. 2012. 

http://www.figo.org/sites/default/files/uploads/project-
publications/Miso/Misoprostol_Recommended%20Dosages%202012.pdf 

 69 Alfirevic Z, Weeks A. Oral misoprostol for induction of labour. Cochrane Database Syst Rev 
2006; 2: CD001338. 

 70 Jozwiak M, Oude RK, Benthem M, van BE, Dijksterhuis MG, de Graaf IM et al. Foley catheter 
versus vaginal prostaglandin E2 gel for induction of labour at term (PROBAAT trial): an open-
label, randomised controlled trial. Lancet 2011; 378: 2095-103. 

 
  
 



23

Chapter two 
Foley catheter versus 25 mcg vaginal misoprostol: 
randomized controlled trial (PROBAAT-M study) and 
systematic review and meta-analysis of literature. 
 

Marta Jozwiak, Mieke ten Eikelder, Katrien Oude Rengerink, Christianne de Groot, Hanneke 

Feitsma, Marc Spaanderman, Mariëlle van Pampus, Jan Willem de Leeuw, Ben Willem Mol, 

Kitty Bloemenkamp 

 

American Journal of Perinatology 2014 Feb;31(2):145-56 



2422 
 

Abstract	  
Objectives	  

To	  assess	  effectiveness	  and	  safety	  of	  Foley	  catheter	  versus	  vaginal	  misoprostol	  for	  term	  induction	  of	  

labor.	  

	  

Study	  design	  

This	   trial	   randomly	   allocated	   women	  with	   singleton	   term	   pregnancy	   to	   30cc	   Foley	   catheter	   or	   25	  

microgram	   vaginal	   misoprostol	   tablets.	   Primary	   outcome	   was	   cesarean	   delivery	   rate.	   Secondary	  

outcomes	  were	  maternal	  and	  neonatal	  morbidity	  and	  time	  to	  birth.	  Additionally,	  a	  systematic	  review	  

wa 	  conducted.	  

	  

Results	  

56	  Women	  were	   allocated	   to	   Foley	   catheter,	   64	   to	   vaginal	  misoprostol	   tablets.	   Cesarean	   delivery	  

rates	  did	  not	  differ	  significantly	  (25%	  Foley	  vs.	  17%	  misoprostol	  RR	  1.46,	  95%	  CI	  0.72-‐2.94),	  with	  more	  

cesarean	  deliveries	  due	  to	  failure	  to	  progress	   in	  the	  Foley	  group	  (14%	  vs.	  3%	  RR	  4.57,	  95%	  CI	  1.01-‐

20.64).	  Maternal	  and	  neonatal	  outcomes	  were	  comparable.	  	  

Time	  from	  induction	  to	  birth	  was	  longer	  in	  the	  Foley	  catheter	  group	  (36h	  vs.	  25h;	  p<0.001).	  

Meta-‐analysis	   showed	   no	   difference	   in	   cesarean	   delivery	   rate,	   and	   reduced	   vaginal	   instrumental	  

deliveries	  and	  hyperstimulation	  in	  the	  Foley	  catheter	  group.	  Other	  outcomes	  were	  not	  different.	  	  

	  

Conclusion	  	  

Our	   trial	   and	   meta-‐analysis	   showed	   no	   difference	   in	   cesarean	   delivery	   rates,	   and	   less	  

hyperstimulation	  with	  fetal	  heart	  rate	  changes	  and	  vaginal	  instrumental	  deliveries	  when	  using	  Foley	  

catheter,	  thereby	  supporting	  potential	  advantages	  of	  the	  Foley	  catheter	  over	  misoprostol	  as	  ripening	  

agent.	  

	  

s
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Introduction 
In developed countries around 20-30% of all births are induced.1-3 Although labor induction is a 
common obstetric procedure, it is associated with a higher risk of complications compared with 
spontaneous labor. In spite of numerous reports comparing the safety and efficacy of different 
induction techniques, there is still no consensus on which method is preferable. 4-7  
Mechanical methods, with Foley catheter being the most commonly used currently, are amongst the 
oldest methods of labor induction. Foley catheters work through mechanical dilation, resulting in the 
release of natural prostaglandins from the cervix.8 In recent decades mechanical methods have 
largely been replaced by pharmacological methods, such as prostaglandin E2 and prostaglandin E1 
analogues. Their mechanism of action is twofold. Prostaglandins ripen the cervix directly by 
enzymatic collagen degradation and increase of water content in the extracellular matrix. Indirectly, 
they stimulate the myometrium and thereby induce contractions.9,10 
Although Foley catheters have been partly been replaced by prostaglandins, they have several 
potential advantages over pharmacological methods. They are relatively inexpensive, easy to store, 
and easy to remove when necessary. We recently showed that, compared to intravaginal 
prostaglandin E2 gel, use of a Foley catheter for the induction of labor results in similar cesarean 
delivery rates with fewer maternal and neonatal side-effects.11 Meta-analysis revealed a lower rate 
of hyperstimulation and a reduction of postpartum hemorrhage.11 
Misoprostol, a prostaglandin E1 analogue, is one of the prostaglandins most frequently used for labor 
induction worldwide, mainly due to its low cost and easy storage.12 Although not FDA approved for 
induction of labor, misoprostol is recommended by the American College of Obstetricians and 
Gynecologists (ACOG), The British Royal college of Obstetricians and Gynecologists (RCOG), as well as 
the International Federation of Gynecology and Obstetrics (FIGO) and the World Health Organization 
(WHO).4,5,13 In the Netherlands, however, this pharmacological agent is rarely used for cervical 
ripening.6 
Current literature comparing Foley catheter to misoprostol shows similar success rates of labor 
induction, with fewer cases of uterine hyperstimulation with and without fetal heart rate changes, 
9,14,15, and a comparable cesarean section rate when a Foley catheter is used.14 However, randomized 
controlled trials are underpowered to investigate the estimators of interest, and meta-analyses are 
performed with studies using different dosing regimens of misoprostol, and are therefore not 
generally applicable. 
Different prostaglandin analogues and dosing regimens seem to have different side effects. 
Therefore, in this PROBAAT-M trial, parallel to our main study the PROBAAT trial, we compared the 
effectiveness and safety of Foley catheter to 25 microgram (mcg) vaginal misoprostol. Additionally 
we performed a meta-analysis of this comparison to gather as much information as possible on the 
effectiveness and safety of Foley catheters versus 25 mcg misoprostol for term cervical ripening and 
labor induction. 
 

Methods 
 
Trial design 
This was an open-label randomized controlled trial comparing Foley catheter with 25 mcg vaginal 
misoprostol for induction of labor at term in women with an unfavorable cervix. This pilot study was 
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conducted parallel to the main PROBAAT study. As vaginal prostaglandin E2 gel was the most 
frequently used method for induction of labor in women with an unfavorable cervix, the goal of the 
main study was to investigate the effectiveness and safety of Foley catheter versus prostaglandin E2 
gel.11 We performed the current study parallel to the main PROBAAT study, and according to a 
parallel protocol (PROBAAT-M) together with a study comparing 10mg slow release vaginal 
prostaglandin E2 inserts (PROBAAT P). The results of the latter study will be published separately. At 
the time of the study, vaginal misoprostol was only used in four participating hospitals in the 
Netherlands. The protocol was approved by the Ethics committee of the Academic Medical Centre 
Amsterdam (MEC 08/310), and the institutional review boards of participating hospitals. The trial was 
registered with the Netherlands Trial Register (NTR 1646).  
 
Participants 
Women over 18 years of age with a term pregnancy and an unfavorable cervix (Bishop score <6), 
requiring induction of labor were eligible for the study. Exclusion criteria were prior cesarean 
delivery, non-vertex presentation of the fetus, ruptured membranes, a hypersensitivity for one of the 
products used for induction, or a lethal congenital anomaly of the fetus. 
 
Outcomes 
The main outcome was cesarean delivery. Secondary outcomes included maternal and neonatal 
morbidity and time from the start of induction to birth. These are described in detail in the main 
trial.11 

 
Sample Size 
As described above, this pilot study was conducted parallel to the PROBAAT study, within the same 
timeframe. We randomized for the comparison Foley catheter versus all pharmacological methods 
until power in the prostaglandin E2 gel trial was reached. We did not calculate a separate sample size 
for the current study. The study was ended in May 2010 at the time the main study's power was 
reached. No analysis of data was done prior to the end of the study. 
 
Randomization and blinding 
Women were informed about the study by their obstetrician, when the need for induction of labor 
occurred. After informed consent, women were enrolled by the attending physician, midwife or 
research nurse at the labor ward on the day of induction. Randomization occurred through a web-
based randomization program. The randomization sequence was computer generated, and was 
composed out of variable blocks of 2 and 4, which could not be viewed by the recruiter, nor by the 
trial-coordinator when the trial was ongoing. Women were randomized between Foley catheter and 
vaginal misoprostol in a 1:1 ratio. Due to the nature of the intervention, neither the caregiver, nor 
the patient were blinded.  
 
Intervention 
The interventions are described in detail in the main study.11 In short, a Foley catheter filled with 30 
cc sterile saline or water was introduced transcervically in women in the Foley catheter group. The 
protocol advised to examine women at the same four hour intervals as women in the misoprostol 
group. 
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In	   the	  misoprostol	   group	  women	  were	   treated	  with	  25	  microgram	   (mcg)	   tablets,	   inserted	   into	   the	  
posterior	   vaginal	   fornix	   every	   four	   hours,	   with	   a	   maximum	   of	   3	   doses	   in	   24	   hours.	   Doses	   were	  
withheld	  when	  there	  were	  3	  or	  more	  contractions	  in	  10	  minutes,	  or	  in	  case	  of	  a	  non-‐reassuring	  fetal	  
heart	  rate	  tracing.	  
If	  upon	  examination	  the	  Bishop	  score	  was	  ≥6,	  amniotomy	  was	  performed,	  and	  oxytocin	  was	  started	  
according	  to	  local	  protocol	  if	  contractions	  or	  progress	  were	  deemed	  inadequate.	  
	  
Statistical	  Methods	  
Data	   were	   analyzed	   according	   to	   the	   intention-‐to-‐treat	   principle.	   Normally	   distributed	   data	   are	  
presented	   as	  means	  with	   standard	   deviation;	   skewed	   distributions	   are	   presented	   as	  medians	  with	  
interquartile	  ranges	  (IQR).	  For	  categorical	  data	  the	  treatment	  effect	  is	  presented	  as	  relative	  risks	  (RR)	  
with	  95%	  confidence	   intervals.	  P-‐values	  were	  calculated	  using	  the	  χ2	   test,	   in	  case	  the	  expected	  cell	  
count	  was	  <5	  Fisher's	  exact	   test	  was	  used.	  For	  continuous	  data	  with	  a	  non-‐normal	  distribution	   the	  
Mann-‐Whitney	   U	   test	   was	   used.	   For	   time	   to	   delivery	   data	   Kaplan-‐Meier	   survival	   curves	   were	  
constructed	   and	   Log-‐rank	   tests	   and	   according	   p-‐values	   calculated.	   Further	   details	   are	   described	   in	  
detail	  in	  the	  main	  article.11	  

	  
Meta-‐analysis	  
We	   searched	   the	   Cochrane	   collaboration’s	   trial	   registry	   from	   January	   1966	   to	   January	   2013,	  while	  
Medline	   and	   EMBASE	   were	   searched	   from	   January	   2012	   till	   January	   2013,	   the	   latter	   because	   the	  
Cochrane	  collaboration’s	   trial	   registry	   is	  updated	  only	  4	   times	  a	  year.	  Our	  search	  was	  expanded	  till	  
2013	  to	  include	  articles	  that	  are	  already	  online	  but	  not	  yet	  published	  in	  print.	  
We	  used	  the	  following	  terms:	  (Balloon	  Dilation	  OR	  mechanical	  methods	  OR	  mechanical	  method	  OR	  
mechanical	  dilation	  OR	  mechanical	  dilatation	  OR	  mechanical	  dilations	  OR	  mechanical	  dilatations	  OR	  
balloon	  OR	   foley*	  OR	   Catheterization	  OR	   Catheterisation	  OR	   catheter	   OR	   catheters	   OR	   catheter*)	  
AND	  (prostaglandin	  E1	  OR	  PGE1	  OR	  PGE-‐1	  OR	  misoprostol	  OR	  Abortifacient	  Agents,	  Nonsteroidal	  OR	  
((Nonsteroidal	  OR	  "Non-‐Steroidal")	  AND	  Abortifacient)	  OR	  Alprostadil	  OR	  Prostaglandin	  E1alpha	  OR	  
PGE1alpha	  OR	  Prostaglandin	  E1	  OR	  Lipo-‐PGE1	  OR	  Lipo	  PGE1	  OR	  Edex	  OR	  Viridal	  OR	  Prostavasin	  OR	  
Prostin	  VR	  OR	  Minprog	  OR	  Prostine	  VR	  OR	  Vasaprostan	  OR	  Caverject	  OR	  Sugiran) 
All	   randomized	   clinical	   trials	   comparing	   Foley	   catheter	   to	   25	   mcg	   vaginal	   misoprostol	   for	   cervical	  
ripening	  in	  singleton	  pregnancies	  with	  a	  viable	  fetus	  in	  vertex	  presentation,	  intact	  membranes	  and	  an	  
unfavorable	   cervix	   were	   eligible.	   Two	   reviewers	   (MJ,	   ME)	   independently	   assessed	   all	   studies	  
identified	  by	  the	  search	  for	  inclusion.	  Any	  disagreement	  was	  resolved	  through	  discussion	  or,	  in	  case	  
of	  persisting	  disagreement,	  a	  third	  author	  (KB)	  was	  consulted.	  
The	  treatment	  outcome	  measures	  sought,	  were	  all	  outcome	  measures	  reported	  in	  the	  PROBAAT-‐M-‐
trial,	   cesarean	  delivery	  being	   the	  primary	  outcome	  measure.	  Studies	  were	  excluded	   if	   they	  did	  not	  
report	   any	  of	   the	  predefined	  outcome	  measures.	  We	  attempted	   to	   contact	   the	   authors	   of	   studies	  
that	  were	  only	  reported	  as	  abstract	  or	  did	  not	  report	  the	  predefined	  outcome	  measures.	  Two	  review	  
authors	   (MJ,	   ME)	   independently	   assessed	   the	   methodological	   quality	   of	   the	   studies,	   using	   the	  
Cochrane	   Collaboration’s	   tool	   for	  methodological	   assessment	   of	   studies.16	   None	   of	   the	   trials	  were	  
excluded	  on	  the	  basis	  of	  methodology	  assessment,	  but	  sensitivity	  analysis	  was	  carried	  out	  excluding	  
poor	   quality	   studies.	   Publication	   bias	   was	   investigated	   through	   visual	   inspection	   of	   funnel	   plots,	  
which	  were	  constructed	  for	  all	  outcomes	  with	  ten	  or	  more	  studies.	  	  
All	   statistical	   analyses	   were	   performed	   in	   Review	  Manager	   software.17	   We	   present	   the	   results	   as	  
summary	  risk	  ratio	  (RR)	  with	  95%	  confidence	  intervals	  (CIs),	  as	  we	  sought	  only	  dichotomous	  data.	  We	  
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assessed heterogeneity in each meta-analysis using the T², I², and Χ² statistics. Heterogeneity was 
regarded as substantial if I² >30% and either T² >0, or the P value <0.10 in the Chi² test for 
heterogeneity. We used a fixed-effect model for combining data where it was reasonable to assume 
that studies were estimating the same underlying treatment effect. When statistical heterogeneity 
was substantial, we used a random-effects model for pooling. 
We performed a subgroup analysis of studies in which Foley catheters were compared to 25 mcg 
vaginal misoprostol every 4 hours, as this is the dose that was used in the current study, and has 
been recommended before by FIGO.13 Statistical significance was defined as a p-value <0.05. 
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Results 
 
Trial results 
Between February 2009 and May 2010 we included 120 women in four centers, of which 56 were 
allocated to the Foley catheter group and 64 to the misoprostol group (Figure 1). Baseline 
characteristics were much the same. (Table 1.) Hypertensive disorders and post term pregnancy 
were listed most often as the reason for induction. (Table 1.)  
 

Table 1. Baseline Characteristics 

 
 

Foley catheter 
(N=56) 

misoprostol 
(N=64) 

Maternal age (years)*  31.0 (5.0) 32.3 (5.2) 
Ethnic origin  

Caucasian 
Non-Caucasian 
Unknown / missing 

 
44 (79%) 
12 (21%) 

0 

 
50 (78%) 
12 (19%) 

2 (3%) 
BMI † 25.9 (21.8-29.6)§ 24.6 (22.4-27.8)ǁ 
Parity 

0 
1 
≥2 

 
37 (66%) 
9 (16%) 

10 (18%) 

 
41 (64%) 
12 (19%) 
11 (17%) 

Bishop score 
0 
1 
2 
3 
4 
5 

 
12 (21%) 
9 (16%) 

21 (38%) 
9 (16%) 
4 (7%) 
1 (2%) 

 
11 (17%) 
14 (22%) 
19 (30%) 
11 (17%) 

5 (8%) 
4 (6%) 

Gestational age (weeks)† 39.1 (38.1-41.1) 39.8 (38.4-41.2) 
Indications for induction of labour ‡ 

Hypertensive disorders 
Post term pregnancy 
IUGR 
Psychosocial = elective 
Insulin dependent diabetes 
Oligohydramnios 
Other  

 
11 (20%)  
15 (27%)  
6 (11%)  
9 (16%)  
5 (9%)  
1 (2%)  

13 (23%) 

 
29 (45%)  
23 (36%)  

5 (8%)  
9 (14%)  
6 (9%)  
2 (3%)  
6 (9%) 

*mean+ SD, †median+ IQR, ‡ more than one option possible, 
§13% (n=7) missing values, ǁ11% (n=7) missing values 

The primary outcome, cesarean delivery, was available for all women. Cesarean delivery rates did not 
differ significantly between the groups (25% (14/56) Foley catheter group vs. 17% (11/64) 
misoprostol group; RR 1.46, 95% CI 0.72-2.94).  
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Table 2. Delivery Outcomes 

 Foley Catheter  
(N=56) 

misoprostol 
(N=64) 

RR (95% CI) p-value 

Mode of delivery  
Spontaneous  
Vaginal instrumental  
Cesarean section 

 
34 (61%) 
8 (14%) 

14 (25%) 

 
35 (55%) 
18 (28%) 
11 (17%) 

 
1.11 (0.82-1.51) 
0.51 (0.24-1.08) 
1.46 (0.72-2.94) 

 
0.51 
0.07 
0.29 

Indication for cesarean section 
Failure to progress in 1st stage  
Failure to progress in 2nd stage 
Fetal distress  
Maternal reason 
Elective 

 
8 (14%) 
0 (0%) 

6 (11%) 
0 (0%) 
0 (0%) 

 
2 (3%) 
1 (2%) 

8 (13%) 
0 (0%) 
0 (0%) 

 
4.57 (1.01-20.64) 

NA 
0.86 (0.32-2.32) 

NA 
NA 

 
0.03 
1.00 
0.76 
NA 
NA 

Indication for vaginal instrumental delivery 
Failure to progress in 2nd stage 
Fetal distress 
Maternal complication 

 
2 (4%) 

6 (11%) 
0 

 
7 (11%) 

11 (17%) 
0 

 
0.33 (0.07-1.51) 
0.62 (0.25-1.58) 

NA 

 
0.17 
0.31 
NA 

Oxytocin augmentation 46 (82%) 32 (50%) 1.64 (1.25-2.16) <0.001 
Time from start induction to birth (hours)* 36 (29-61)† 25.4 (14-35) NA <0.001 

*median+ IQR, †2% missing values (n=1) 

Significantly more cesarean deliveries were performed for failure to progress in the first stage of 
labor in the Foley catheter group. There was a non-significant decrease in vaginal instrumental 
deliveries in the Foley catheter. (Table 2) The median time from the start of induction to birth was 
longer in the Foley catheter group. 
Maternal and neonatal outcomes are presented in Table 3. No significant differences between the 
treatment groups were noted for these outcomes. No serious adverse events were recorded. 
 

Table 3. Maternal and Neonatal outcome 

 Foley Catheter  
(N=56) 

misoprostol 
(N=64) 

RR (95% CI) p-value 

Analgesics  
Pethidine 
Epidural 
Other 

 
5 (12%) 

19 (45%) 
3 (7%) 

 
11 (21%) 
17 (32%) 

1 (2%) 

 
0.57 (0.22-1.52) 
1.41 (0.84-2.36) 

3.79 (0.41-35.09) 

 
0.25 
0.19 

 0.32§ 
Maternal intrapartum infection 

Temp. ≥38 ⁰C during labour 
Suspected intrapartum 
infection* 

 
6 (11%) 
4 (7%) 

 

 
1 (2%) 
0 (0%) 

 
6.86 (0.85-55.24) 

NA 

 
NA 
NA 

Post partum hemorrhage (>1000 cc) 
Post partum blood transfusion (Y/N) 

3 (5%) 
0 (0%) 

3 (5%) 
1 (2%) 

1.14 (0.24-5.44) 
NA 

1.00§ 
1.00§ 

Other maternal complication 
Hyperstimulation 
Uterine rupture 

 
2 (4%) 
0 (0%) 

 
1 (2%) 
0 (0%) 

 
2.29 (0.21-24.54) 

NA 

 
0.59 
NA 

Apgar Score 5 min <7  0 2 (3%) NA 0.50 
Arterial pH <7.10  5 (10%)† 5 (9%)‡ 1.20 (0.37-3.92) 1.00 

Neonatal admission  
Regular nursery 
Intensive care  

 
10 (18%) 

2 (4%) 

 
15 (23%) 

1 (2%) 

 
0.76 (0.37-1.56) 

2.29 (0.21-24.54) 

 
0.45 
0.60 

Reason for admission  
Suspected infection  
Asphyxia  

 
5 (9%) 
0 (0%) 

 
3 (5%) 
1 (2%) 

 
1.91 (0.48-7.61) 

NA 

 
0.47 
1.00§ 
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Dysmaturityǁ 
Hypoglycaemia  
IRDS¶ 
Meconium aspiration  
Other/Unknown  

3 (5%) 
0 (0%) 
0 (0%) 
1 (2%) 
2 (4%) 

5 (8%) 
4 (6%) 
0 (0%) 
0 (0%) 
5 (8%) 

0.69 (0.17-2.74) 
NA 
NA 
NA 

0.46 (0.09-2.27) 

0.72 
0.12 
NA 
NA 

0.45 
Length of admission (days) 
median(IQR) 

2 (0-3) 1 (0-3) NA 0.46 

*body temperature during labour ≥38 ⁰C AND start of broad spectrum antibiotics due to suspected infection, 
†13% , (n=7) missing values, ‡8% (n=5) missing values, § Fisher's exact test, ǁ generally defined as birth weight 
below 5th centile, ¶infant respiratory distress syndrome 

 

 

Meta-analysis results 
We identified 102 citations in the Cochrane collaboration’s trial registry, 17 in Medline and 46 in 
EMBASE. After removal of duplications 144 citations remained. Of these, 103 were excluded based 
on the title, because they either did not investigate labor induction or used other induction agents. 
Of the 41 Abstracts reviewed, 27 more studies were excluded, because they applied a different dose 
or route of administration of misoprostol. The full text articles of the remaining 15 were screened, 
and another three papers were excluded because they did not fulfill our inclusion criteria: one was a 
crossover trial and one included women with a cesarean scar (although this was an exclusion 
criterion of the trial itself), and one paper was a duplicate. (Figure 2)  
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We excluded three more trials, as after contacting the authors of the three trials data were still not 
available.18-20 Counting the current trial, ten trials were included in this meta-analysis.21-30 The overall 
methodological quality was reasonable for seven trials, and poor for three. (Table 4) 
Six studies investigated 25 mcg vaginal misoprostol administered every four hours. In one study 
misoprostol was administered every three hours, and in three studies every six hours. (Table 4) 
The overall cesarean delivery rate did not differ statistically between the groups, nor did the risk of 
vaginal instrumental delivery. Oxytocin was used more often in the Foley catheter group. 
Hyperstimulation, both without and with non-reassuring fetal heart rate tracing, was seen less often 
in the Foley catheter group. We did not find any significant differences in the other outcomes. (Table 
5) 
The subgroup analysis of studies comparing Foley catheter with 25 mcg misoprostol every four hours 
including data of the current trial showed comparable cesarean delivery rates, a reduction in vaginal 
instrumental deliveries, a reduction in hyperstimulation with fetal heart rate changes, significantly 
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more oxytocin use in the Foley catheter group (figure 3a and 3b), and no differences in the remaining 
maternal and neonatal outcomes (data not shown).22,23,25,29,30  
As only the outcome ‘cesarean delivery’ for the comparison Foley catheter versus 25 mcg vaginal 
misoprostol- all dosing schedules, was the result of meta-analysis of 10 or more studies, this is the 
only 
  
Table 4. 

 Participants Interventions  Primary Outcome Risk of bias 

Ch
un

g 
20

03
 

GA* ≥28 
wks  
BS† <7 
 

Foley catheter 30 cc§ n=54 
 
Misoprostol 25 mcg‡. 
every 3 hours n=49 

Vaginal delivery 
rate 

Moderate 
Sequence generation: adequate 
Allocation concealment: adequate 
ITT ǁ: Yes 
Reporting bias: yes. not all pre-specified 
outcomes reported 

De
o 

20
12

 Term 
BS†<6 
 

Foley catheter 30 cc§ n=50 
 
Misoprostol 25 mcg‡. 
every 4 hours n=54 

Change in BS† Moderate 
Sequence generation: adequate 
Allocation concealment: adequate 
ITT ǁ: No. protocol violations excluded 
Reporting bias: yes. no fetal outcomes reported 

G
re

yb
us

h 
20

01
 

GA* not 
specified 
BS†<6 
 

Foley catheter 50 cc§ n=71 
 
Misoprostol 25 mcg‡. 
every 4 hours n=65 

Ripening to 
delivery time 

Low 
Sequence generation: adequate 
Allocation concealment: adequate 
ITT ǁ: Yes 
Reporting bias: no 

Ka
nd

il2
01

2 GA* >41 
weeks 
 
BS† <4 

Foley catheter 30 cc§ n=50 
 
Misoprostol 25 mcg‡. 
every 4 hours n=50 

Induction to 
delivery interval 

High 
Sequence generation: inadequate 
Allocation concealment: none 
ITT ǁ: No 
Reporting bias: no 

M
or

ae
s 

20
10

 

Term 
BS†<6 
 

Foley catheter 30 cc§ 
n=121 
 
Misoprostol 25 mcg‡. 
every 6 hours n=119 

Successful 
induction <48 
hours 

Low 
Sequence generation: adequate 
Allocation concealment: adequate 
ITT ǁ: Yes 
Reporting bias: no 

O
liv

ei
ra

 
20

10
 

Term 
BS†<5 
 

Foley catheter 30 cc§ n=80 
 
Misoprostol 25 mcg‡. 
every 6 hours n=80 

BS† >5 after 48 
hours 

Low 
Sequence generation: adequate 
Allocation concealment: adequate 
ITT ǁ: Yes 
Reporting bias: no 

Pr
ag

er
 2

00
8 Term  

BS† <7 
Foley catheter 50 cc§ 
n=198 
 
Misoprostol 25 mcg‡. 
every 6 hours n=199 

Induction to 
delivery interval 

Low 
Sequence generation: adequate 
Allocation concealment: adequate 
ITT ǁ: Yes. missing data n=4 
Reporting bias: no 

Ro
ud

sa
ri 

20
11

 

Term 
BS†<7 

Foley catheter 50 cc§ n=59 
 
Misoprostol  
25 mcg‡. every 4 hours 
n=49 

Time from start 
induction to 
delivery 

High 
Sequence generation: unkown 
Allocation concealment: unknown 
ITT ǁ: No 
Reporting bias: unclear 

2



34

Sh
ei

kh
er

 
20

09
 

Term 
BS†<5 

Foley catheter 35 cc§ n=30 
 
Misoprostol 25 mcg‡. 
every  4 hours n=30 

Failed induction 
after 24 hours 

High 
Sequence generation: unkown 
Allocation concealment: unknown 
ITT ǁ: No 
Reporting bias: unclear 

*GA= Gestational age. †BS = Bishop Score. ‡mcg = microgram. §cc=milliliter.  ǁITT=intention-to-treat 

outcome a funnel plot was constructed for. (Appendix 1) Visual inspection of the plot does not show 
asymmetry. Other outcomes were all based on less than ten studies, and therefore the power of the 
funnel plot asymmetry test would be too small. Publication bias in this case can unfortunately not be 
excluded, also on the basis of funnel plots. Sensitivity analysis, excluding poor quality studies, did not 
change the conclusions, however the relative risk for cesarean delivery rate changed direction (RR 
0.98, 95%CI 0.66-1.46). 
 

Table 5 Meta-analysis Foley catheter versus 25 mcg vaginal misoprostol - all dosing schedules 

Outcome Studies Total 
particiapants 

Foley 
catheter 

events/total 

Misoprostol 
events/total 

Statistical Method 
for pooling 

RR [95% CI] 

Cesarean 
delivery 

10 1520 230/769 187/751 M-H*, random effect 1.24 [0.94-0.63] 

Vaginal 
instrumental 
delivery 

3 621 38/304 57/317 M-H*, random effect 0.64 [0.35-1.17] 

Oxytocin use 7 783 321/391 196/392 M-H*, random effect 1.74 [1.30-2.32] 
uterine 
hyperstimulation 
without FHR 
changes 

3 363 21/184 51/179 M-H*, Fixed effect 0.39 [0.26-0.60] 

uterine 
hyperstimulation 
with FHR 
changes 

6 1096 21/550 52/546 M-H*, Fixed effect 0.39 [0.24-0.61] 

epidural 
analgesia 

4 756 256/379 232/377 M-H*, random effect 1.02 [0.82-1.26] 

post partum 
hemorrhage 

1 120 3/56 3/64 no meta-analysis 1.14 [0.24-5.44] 

(suspected) 
intrapartum 
infection/chorioa
mnionitis 

4 720 25/358 23/362 M-H*, Fixed effects 1.09 [0.63-1.86] 

endo(myo)metrit
is 

3 463 4/231 3/232 M-H*, Fixed effect 1.19 [0.31-4.63] 

meconium 
stained amniotic 
fluid 

6 1008 63/512 82/496 M-H*, Fixed effects 0.75 [0.56-1.02] 

Apgar score <7 
after 5 min 

4 580 5/287 5/293 M-H*, Fixed effect 1.03 [0.35-3.04] 

NICU admission 6 1016 26/509 28/507 M-H*, Fixed effects 0.89 [0.54-1.49] 
*M-H: Mantel-Haenszel 
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Discussion  
  
In	  this	  trial	  comparing	  Foley	  catheter	  to	  25	  mcg	  vaginal	  misoprostol,	  we	  found	  that	  cesarean	  delivery	  
rates	   and	   vaginal	   instrumental	   deliveries	   were	   not	   different,	   but	   more	   cesarean	   deliveries	   were	  

performed	  for	  failure	  to	  progress	  in	  the	  first	  stage	  after	  induction	  with	  a	  Foley	  catheter.	  When	  using	  
a	   Foley	   catheter	   the	   time	   from	   start	   of	   induction	   to	   birth	   was	   significantly	   longer,	   and	   oxytocin	  

augmentation	  was	  more	  often	  required.	  Maternal	  and	  neonatal	  secondary	  outcomes,	  including	  post	  
partum	  hemorrhage	  and	  pH	  <7.10,	  did	  not	  differ	  significantly	  between	  the	  groups.	  Although	  we	  did	  
not	   find	   any	   differences	   in	   primary	   and	   secondary	   outcomes	   these	   results	   should	   be	   interpreted	  

cautiously,	   due	   to	   the	   small	   numbers.	   While	   the	   numbers	   were	   small,	   our	   trial	   was	   a	   valuable	  
contribution	  to	  meta-‐analysis.	   In	  meta-‐analysis	  we	  found	  that	  Foley	  catheter	  compared	  to	  4	  hourly	  
vaginal	   administration	   of	   25	   mcg	   misoprostol	   yields	   comparable	   cesarean	   delivery	   rates,	   reduced	  

rates	  of	  vaginal	  instrumental	  deliveries	  and	  of	  hyperstimulation,	  and	  an	  increase	  in	  oxytocin	  use.	  
To	  our	  knowledge,	  this	  is	  the	  first	  meta-‐analysis	  that	  separately	  compares	  the	  most	  prevailing	  dose	  of	  
misoprostol,	   25	   mcg	   vaginally,	   to	   Foley	   catheter.	   Previous	   reviews	   comparing	   Foley	   catheters	   to	  

misoprostol	  included	  different	  doses	  and	  dosing	  schedules.14,31	  As	  different	  dosing	  regimens	  are	  likely	  
to	  affect	  the	  efficacy	  and	  safety	  of	  the	  induction	  agent,	  it	  is	  important	  to	  review	  them	  separately.	  

	  

Figure  3a.  Meta-‐analysis  Foley  catheter  versus  25  mcg  vaginal  misoprostol/4  hours with  random  

effect  

  

Our	  meta-‐analysis	   included	  10	  studies	  comparing	  Foley	  catheter	   to	  25	  mcg	  vaginal	  misoprostol.	  Six	  

studies,	  with	  a	   total	  of	  628	  participants,	  dosed	   the	  misoprostol	  every	   four	  hours.	   In	   these	  six	   trials	  
misoprostol	  was	  compared	  to	  a	  Foley	  catheter	  filled	  with	  30	  cc	  Foley	  catheter	  in	  three	  studies,	  35	  cc	  
in	  one	  study,	  and	  50cc	   in	  two	  studies.	  Even	  though	  there	  is	  some	  evidence	  that	  a	  higher	  volume	  in	  

the	   Foley	   balloon	   is	  more	   effective,32,33	   we	   have	   chosen	   to	   include	   all	   six	   studies	   in	   our	   subgroup	  
analysis.	   Despite	   this,	   the	   total	   number	   of	  women	   is	   still	   too	   small	   to	  make	   definitive	   conclusions	  
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about safety of the two methods. Excluding the studies with a higher balloon volume did not change 
our conclusions regarding the primary outcome. 
While the total cesarean delivery rate in the current trial did not differ significantly, the rate of 
cesarean deliveries for failure to progress was higher in the Foley catheter group, with a very wide 
confidence interval (1.01-20.6). In the protocol, we did not define failure to progress in the first 
stage, as there is no commonly accepted definition of failure to progress in the first stage after 
induction of labor. A recent study, which aimed to find an objective definition of failed induction or 
failure to progress in the first stage of labour, concludes that it is reasonable to avoid deeming labor 
induction a failure in the latent phase until oxytocin has been administered for at least 12 hours after 
membrane rupture. Additionally, 40% of women with a latent phase after membrane rupture longer 
than 12 hours deliver vaginally if allowed longer oxytocin infusion.34 

 

 
Figure 3b. Meta-analysis Foley catheter versus 25 mcg vaginal misoprostol/4 hours with Fixed 
effect 
 
When reviewing the cases of women undergoing cesarean delivery due to failure to progress in the 
first stage, we found that in three out of the eight cases, the cesarean delivery was performed within 
12 hours from rupture of membranes. Our hypothesis is that if more time was allowed, these women 
might have had the opportunity to deliver vaginally. 
Oxytocin is used significantly more often when a Foley catheter is employed. This indicates that Foley 
catheter does not primarily cause contractions, but merely ripens the cervix. Hereby Foley catheters 
enable the separation of cervical ripening and actual labor induction. This could be an advantage, 
especially in case of induction with intrauterine growth restriction or oligohydramnios, where the 
fetus may have decreased tolerability for contractions.  
Cervical ripening before induction of contractions could also decrease the need for fetal monitoring 
during ripening, which can enable outpatient use and consequent cost reduction of labor induction. 
Several researchers have studied inpatient versus outpatient cervical ripening using a Foley catheter. 
No significant differences were found in mode of delivery, and maternal and neonatal morbidity 
comparing in and outpatient ripening. However, a significant decrease in hospitalization time and 
costs was found when ripening was applied in an outpatient setting.35,36 Adequately powered studies, 
are needed to confirm the safety of outpatient Foley catheter use for cervical ripening.  
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The	   use	   of	   misoprostol	   in	   women	   with	   a	   prior	   cesarean	   delivery	   has	   been	   questioned,	   because	  
several	  case	  reports,	  and	  a	  randomized	  controlled	  trial,	  which	  was	  stopped	  prematurely	  due	  to	  safety	  
concerns,	   suggest	   an	   increased	   risk	   of	   uterine	   rupture.37-‐41	   Foley	   catheters	   do	   not	   seem	   to	   cause	  
contractions	  during	  the	  ripening	  phase,	  and	  could	  therefore	  be	  a	  good	  alternative	  for	  labor	  induction	  
in	  women	  with	  a	  history	  of	  cesarean	  delivery.	  Although	  retrospective	  data	  on	  Foley	  catheter	  use	   in	  
these	  women	  suggest	  that	  it	  is	  safe,42,43	  prospective	  data	  on	  the	  comparison	  of	  methods	  for	  cervical	  
ripening	  in	  this	  group	  of	  women	  are	  scarce.	  Therefore,	  we	  are	  currently	  investigating	  Foley	  catheter	  
for	   induction	   in	   women	   with	   a	   prior	   cesarean	   delivery	   in	   a	   large	   prospective	   cohort	   (PROBAAT-‐S	  
study).	  
In	  conclusion,	  Foley	  catheter	  compared	  to	  25	  mcg	  vaginal	  misoprostol	  administered	  every	  4	  hours,	  
has	   comparable	  effectiveness	  on	   vaginal	   delivery	   rates,	   but	   a	   longer	   induction	   to	  delivery	   interval.	  
However,	  there	  is	  a	   lower	  risk	  of	  hyperstimulation	  with	  fetal	  heart	  rate	  changes	  and	  a	  lower	  risk	  of	  
vaginal	  instrumental	  delivery,	  which	  gives	  the	  Foley	  catheter	  potential	  benefits.	  
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Abstract 
 
Background  
Induction of labour is a common obstetric procedure. At present, different methods are used for 
induction of labour in women with an unfavourable cervix. Recently, we showed that in term women 
with an unfavourable cervix the use of a Foley catheter in comparison with vaginal Prostaglandin E2 
gel, results in a comparable vaginal delivery rate. A meta-analysis on the subject indicated lower 
rates of hyperstimulation, and probably as a sequel fewer cases of postpartum haemorrhage. 
Misoprostol (PgE1) is another type of prostaglandin frequently used for labour induction, 
recommended by the international federation of gynaecology and obstetrics (FIGO). Misoprostol can 
be administered by vaginal, rectal and oral route. There is evidence that oral administration results in 
less asphyxia and hyperstimulation than vaginal administration. At present, valid comparisons 
between oral misoprostol and Foley catheter are lacking. Therefore, we propose a randomised 
controlled trial comparing Foley catheter to oral misoprostol in order to assess safety and cost-
effectiveness. 
 
Methods/Design  
We plan a multicentre, randomised, controlled, open-label clinical trial among term pregnant women 
with a vital singleton in cephalic presentation, unfavourable cervix, intact membranes and an 
indication for induction of labour. After informed consent, women will be randomly allocated by a 
webbased randomization system to transcervical Foley catheter or oral misoprostol (50 mcg every 4 
hours). The primary outcome will be a composite of complications of uterine hyperstimulation, i.e. 
postpartum haemorrhage and asphyxia. Secondary outcomes are mode of delivery, maternal and 
neonatal morbidity, costs and women’s preference. Serious adverse events such as severe maternal 
or neonatal morbitity or mortality will be monitored and reported to an independent data safety 
monitory board. With a sample size of 1860 women we will be able to demonstrate a 5% non-
inferiority of the Foley catheter as compared to misoprostol for the composite outcome. 
 
Discussion 
Worldwide, various methods are being used for labour induction. Results of the proposed trial will 
contribute to the answer which method of induction of labour is most safe, cost-effective, and 
patient friendly and will help to construct evidence based guidelines. 
 
Trial registration number 
The Netherlands Trial Register NTR3466, http://www.trialregister.nl 
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Background 
 
Induction of labour is a commonly practiced obstetric intervention designed to artificially initiate the 
process of  effacement of the cervix, dilatation (cervical ripening), uterine contractions (often after 
augmentation with oxytocin) and eventually delivery of the baby. Common indications for induction 
of labour are post-term pregnancy, hypertensive disorders, diabetes in pregnancy, cholestasis, 
decreased physical activity of the fetus and prelabour rupture of membranes. Induction of labour 
with an unfavourable cervix is associated with prolonged labour compared to spontaneous onset of 
labour or induction of labour with a favourable cervix. Also an increase in instrumental deliveries 
and a higher rate of caesarean sections are seen. 1-3  

To increase the success of labour induction it is essential to achieve cervical ripening in women with 
an unfavourable cervix. Misoprostol has been widely studied as an agent for induction of labour. 
There are currently two Cochrane reviews focusing on the use of both oral and vaginal misoprostol. 
4,5 These systematic reviews conclude that misoprostol is an effective and safe induction agent. Oral 
misoprostol is preferred to vaginal administration for as it shows lower rates of uterine 
hyperstimulation and adverse neonatal outcome.4,5 Although not licensed for induction of labour, 
misoprostol is recommended by several guidelines. The British Royal College of Obstetricians and 
Gynaecologists (RCOG), as well as the World Health Organization (WHO), recommend the use of 
misoprostol tablets, based on cost-effectiveness. In the Dutch Society of Gynaecology and Obstetrics 
(NVOG) guideline for induction of labour, misoprostol is included and reported to be effective and 
safe.6-8  Another method for induction of labour is the transcervical Foley catheter. We recently 
showed (PROBAAT trial) that induction of labour with a Foley catheter is as effective as induction 
with intravaginal prostaglandin E2 gel, with fewer maternal and neonatal side-effects.9 The caesarean 
section rate was comparable and in the meta-analysis of three trials on the subject, the Foley 
catheter revealed a lower rate of hyperstimulation, resulting in fewer cases of asphyxia and less 
postpartum haemorrhage. Consequently, the transcervical Foley catheter was recommended for 
induction of labour in women with an unfavourable cervix at term.9 The Foley catheter is reported to 
have similar success rates as induction of labour with misoprostol (vaginal and oral), and is associated 
with less uterine hyperstimulation with and without fetal heart rate (FHR) changes and a comparable 
caesarean section rate.10-14 As prostaglandins in general have been shown to cause an increased 
incidence of hyperstimulation, we expect a decreased blood flow of the placenta and consequently 
an increased the risk of asphyxia. In addition, hyperstimulation might lead to uterine muscle fatigue 
and thereby increase the risk for postpartum haemorrhage. 
However, randomised controlled trials currently available are underpowered to investigate these 
estimators. In view of the scarce evidence on the subject, we propose a adequately-powered 
randomised controlled trial comparing induction of labour with a Foley catheter to induction of 
labour with oral misoprostol in women with an unfavourable cervix at term. In this trial the safety, 
cost-effectiveness and patient preference will be evaluated. 
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Methods / Design 
 
Aims 
The aim of this study is to assess the safety and cost-effectiveness of induction of labour with a 
transcervical Foley catheter as compared to induction with oral misoprostol in term pregnant women 
with an unfavourable cervix. 
 
Participants/eligibility criteria 
Term pregnant women will be informed about the trial at the moment the decision is made to induce 
labour. Eligible are women ≥ 18 years with a gestational age ≥37 weeks with a vital singleton in 
cephalic presentation, intact membranes and an unfavourable cervix (Bishop score <6). Exclusion 
criteria are hypersensitivity for any of the products used, a history of caesarean section, placenta 
praevia, or lethal congenital anomalies.  
 
Procedures, recruitment, randomisation, collection of baseline data 
This trial will be a multicentre, open-label, randomized controlled trial. The study will be performed 
within the Dutch Consortium for Studies in Women’s Health and Reproductivity (www.studies-
obsgyn.nl). Participating hospitals can be district, teaching or academic hospitals. Before entry into 
the study, women will be informed about the aims, methods, reasonably anticipated benefits and 
potential hazards of the study. This will generally be at least 1 day before actual admission for 
induction. They will be informed that their participation is voluntary and that they may withdraw 
consent for participation at any time during the study. Choosing not to participate will not affect 
care. In each centre an independent physician will be available for more detailed information for 
both patients and colleagues if desired. After counselling, written informed consent will be obtained. 
The consent form must be signed before performing of any study-related activity. Randomisation will 
be performed web-based using ALEA. After entering patient initials, confirming inclusion criteria and 
absence of exclusion criteria, randomization will be performed realtime based on an algorithm. 
We will use fixed block sizes of 2 and 4 and stratify for centre and parity. As there is no prespecified 
randomisation list, it will be hardly possible for anyone to know the next allocation. Randomisation 
will take place after evaluation of the fetal condition by CTG, just before start of induction. Eligible 
women will be allocated in a 1:1 ratio to induction with a Foley catheter or oral misoprostol. There 
will be no blinding of patients and caregivers, as this is not feasible with these two treatment 
methods. Baseline demographic, obstetric and medical histories, and details of delivery and health 
care received till the time of discharge will be recorded for all women. Data will be entered into an 
electronic case-record form (Oracle Clinicle version 4.5.3) accessible through our study website with 
a personal login http://www.studies-obsgyn.nl/probaat2.  
All changes made in this electronic case-record form will be captured in an audit trial. In Oracle 
Clinicle checks will be programmed to identify errors. All electronic case-record forms will be checked 
for consistency and to correct errors. 
 
Interventions 
At the start of the study, each centre will be instructed in a brief presentation and practical training. 
When needed, a local research nurse is available during the inclusion period to advise the staff on 
use of the Foley catheter and/or oral misoprostol.  
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Induction with a transcervical Foley catheter  
A 16 or 18 F Foley catheter will be introduced into the cervix and the balloon is filled with 30 cc of 
0.9% NaCl or water. The Foley catheter can be placed digitally or using a speculum according to 
preference of the treating physician. No recommendations regarding disinfection will be given as 
there is no evidence for the best method. The external end of the Foley catheter will be tapped to 
the thigh without giving traction. Foley catheter location after placement can be evaluated digitally 
and/or by ultrasound. Women will be instructed to observe one hour of bed rest after every newly 
placed Foley catheter, while fetal condition and uterine activity will be monitored. Women will be 
examined every 12 hours if the transcervical Foley catheter does not detach spontaneously. 
When the Bishop score remains <6; the location of the Foley catheter will be evaluated and a new 
Foley catheter will be placed after 24 of 48 our depending on the preference of the participating 
centre.  
 
Induction with oral misoprostol 
Patients in the misoprostol group will be treated according to the protocol used in the study of 
Gemund et al.15 Misoprostol will be administered every four hours with a maximum of three times a 
day for 4 days. For this study the protocol was adjusted to use of oral misoprostol. Women in the 
misoprostol group will receive 50 mcg misoprostol capsules. Since misoprostol 50 mcg tablets are not 
on the market and misoprostol as a raw material is not available, the 50 mcg tablets are made from 
the originally Cytotec 200 mcg, Searle, Maarsen, The Netherlands by the Leiden University Medical 
Centre pharmacy. 200 mcg Cytotec tablets are pulverized with a cube mixer. Capsules are prepared 
from portions of the powder mixture. Amount of powder mixture is optionally supplemented with 
microcrystalline cellulose to achieve volume for 100 capsules. Each capsule contains between 47.5 
and 52.5 mcg misoprostol. High-performance liquid chromatography shows the standard retention 
time and sample are the same (within 2.5%). Women will be instructed to observe one hour of bed 
rest after every dose of misoprostol, while fetal condition and uterine activity will be monitored. 
When there will be 3 or more contractions in 10 minutes while the Bishop score is still <6 or when 
the fetal heart rate is not reassuring the next misoprostol dose will be withheld. Amniotomy and 
oxytocin infusion can be started at any moment of the day when the Bishop score is ≥ 6, and at least 
4 hours after the last dose of misoprostol. Women will be treated for a maximum of 4 days with 
Foley catheter or oral misoprostol. If after 4 days the cervix remains unfavorable, the induction is 
considered to be failed and further management will be decided individually by the treating 
physician. The number of women needing more than 48 hours of induction is expected to be very 
low. 
 
Outcome measures 
The primary endpoint will be a composite outcome of neonatal asphyxia (defined as a neonatal 
pH≤7.05 and/or 5 minute Apgar score <7) and/or postpartum haemorrhage (defined as an estimated 
blood loss of ≥1000 cc ascertained over 24h postpartum). We have chosen this combined outcome as 
both conditions are thought to be a result of hyperstimulation.  
 
Secondary endpoints:  

• Mode of delivery (Caesarean section, vaginal operative delivery, spontaneous delivery) and 
the reason for operative delivery, i.e. suspected fetal distress and/or failure to progress 

• Induction to delivery time 
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• Use of analgetics  
• Oxytocin use  
• Number of misoprostol gifts/Foley catheters used 
• Number of vaginal examinations 
• Maternal morbidity  

o Post partum blood transfusion and number of packed cells 
o Tachysystole (defined as more than five contractions in ten minutes over a minimal 

period of two times ten minutes) 
o Hyperstimulation (defined as tachysystole with FHR changes (defined as a non 

reassuring CTG by treating physician)) 
o Uterine hypertonus (defined as a contraction lasting longer than two minutes with 

FHR changes) 
o Uterine rupture (occurrence of clinical symptoms (abdominal pain, abnormal fetal 

heart rate pattern, acute loss of contractions, vaginal blood loss) leading to an 
emergency caesarean delivery, at which the presumed diagnosis of uterine rupture 
was confirmed; or peripartum hysterectomy or laparotomy for uterine rupture after 
vaginal birth) 

o Uterine scar dehiscence (separation of a pre-existing scar that does not disrupt the 
uterine serosa as seen during caesarean section, without clinical consequences) 

o Maternal infection during labour (defined as fever, i.e. temperature ≥ 37.8 ºC, or 
fetal tachycardia AND start of antibiotics) 

o Maternal infection within one week post partum (defined as fever, i.e. temperature ≥ 
37.8 ºC, AND start of antibiotics) 

o Start of intravenous antibiotics 
o  Endo(myo)metritis or urinary tract infection within one week post partum (proven 

positive vaginal /urine culture)  
o Other medication used during labour such as tocolytics.  

• Neonatal parameters consisting of:  
o Fetal tachycardia (sustained fetal heart rate above 160 beats per minute) 
o Gender 
o Weight at birth 
o Meconium-stained liquor 
o Apgar scores <7 at 1 minute 
o Admission to the neonatal ward/NICU and its reason (suspected infection, infection 

proven by positive culture, other reason admission to medium or intensive care). 
 

An economic analysis will be conducted alongside the PROBAAT-II trial. In order to do so, resource 
use in different phases of delivery will be collected in the electronic case-record form (eCRF). To our 
knowledge, no validated questionnaires on women’s preference of induction of labour method are 
available. Therefore women’s preference for the method of induction will be evaluated by a 
postpartum questionnaire developed for this study, based on a validated questionnaire by Wijma et 
al. This questionnaire was developed to assess women’s experience of labour.16 
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Follow up of women and infants 
Details of admission of women and newborns will be recorded as will maternal and neonatal 
complications. Long term follow-up is not part of the current study. 
 
Analysis 
This trial is designed as a non-inferiority trial. Primary analysis will be by intention-to-treat. In a 
comparative trial, where the aim is to decide if two treatments will be different, an intention-to-treat 
analysis is generally conservative: the inclusion of protocol violators and withdrawals will usually 
make the results from the two treatment groups more similar. However, for a non-inferiority trial 
this effect is no longer conservative: any blurring of the difference between the treatment groups will 
increase the chance of declaring non inferiority [17]. We will therefore also perform a per protocol 
analysis. Relative risks and 95% confidence intervals will be calculated for the relevant  outcome 
measures. We will additionally adjust for the stratified randomization when calculating the relative 
risk. Differences between categorical variables will be tested with the Chi-square test, or if the 
expected cell count is below 5 with the Fisher’s exact test. Non-normally distributed continuous 
variables will be tested with the Mann–Whitney U test. Time to delivery will be assessed using 
Kaplan-Meier analysis. For the economic analysis we plan a cost-minimisation procedure, as we 
designed a non-inferior trial and expect no differences in outcomes. Resource uses are multiplied by 
their specific costs, which are estimated according to recent guidelines on costing health care 
services. When a relevant differences in outcomes will be observed, we will perform a cost-
effectiveness analysis, in which we calculate the additional cost per prevented case of fluxus or 
asphyxia and the cost per prevented Caesarean section. Mean resource use and costs are compared 
between both arms, if any difference of interest in primary and/or secondary outcomes occurs a 
cost-effectiveness analysis will be performed. Using an interaction term we will assess whether the 
difference in effect between misoprostol and Foley catheter is consisted in nulliparous and 
multiparous women.  
 
Sample size 
To calculate an adequate sample size we searched the literature for comparisons between oral 
misoprostol and Foley catheter. There is only one study which directly compared induction of labour 
with oral misoprostol and Foley catheter. This study does not report on our primary outcome 
measures which makes it insufficient to use for our power calculation [10]. A few studies reported on 
a comparison of vaginal misoprostol and prostaglandin E2, but different dosages were used and from 
the reported outcome parameters it was not possible to calculate the composite outcome we use 
[6]. Therefore we used data from the PROBAAT trial, comparing prostaglandin E2 (prostin) with Foley 
catheter [9]. In the Probaat trial the incidence of the composite outcome of pH ≤ 7.05 and/or an 
Apgar < 7 at 5 minutes (at least one known) and/or haemorrhage ≥1000 cc post partum was 12.7% 
when a Foley catheter was used and 16.4% when Prostaglandin E2 gel was used. We expect the 
incidence of the composite outcome to be lower when using oral misoprostol than when using 
prostaglandin E2 but slightly higher than when a Foley catheter is used [5]. We expect that about 
25% of umbilical cord pH’s will be missing, while the 5 minute Apgar will be complete in nearly all 
cases. So, if the umbilical artery pH data will be missing, neonatal outcome will be classified as 
abnormal if the 5 minute Apgar will be <7 and as normal if the Apgar was ≥ 7. With a power of 80% 
(1-β) and a one-sided 0.05 risk of type I error (α), we need 1860 participants (930 per group) to 
demonstrate non-inferiority, i.e. that the absolute difference in the composite outcome will be less 
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than 5% in the misoprostol group compared to the Foley catheter group, when assuming that the 
composite outcome was 12.7% in the Foley catheter group and 13.7% in the misoprostol group and 
an 5% exclusion rate from the per protocol analysis. This sample size will also give us more than 80% 
power to demonstrate non-inferiority, i.e. less than 5% increase in the proportion of caesarean 
sections when using misoprostol compared to Foley catheter, assuming 23% caesarean sections in 
both groups [9]. We used NQuery Advisor 7.0, with the two group test of equivalence in proportion 
(NQueryAdvisor; Machin 1987) to calculate the sample size.  
 
Monitoring 
An independent data and safety monitoring board (DSMB) will be established prior to the start of the 
trial. All the serious adverse events (SAE’s) (intra uterine fetal death (IUFD), uterine rupture, severe 
maternal and neonatal morbidity such as IC/NICU admission and related events such as placental 
abruption directly after insertion of Foley catheter) will be reported within 48 hours to the CCMO 
(central commission human related research). All SAEs will be reported to the DSMB at 300 and 600 
inclusions when the interim analysis will take place, or when in total 5 SAEs are reported, whichever 
comes first. Prior to the start of the trial the DSMB defined criteria to terminate the trial 
prematurely. The DSMB will perform 2 interim analyses: after recruitment of 300 and 600 patients. 
These interim analyses will be conducted independently of the research group, and will take into 
account safety (infection, asphyxia, haemorrhage) as well as efficacy. The study will be terminated 
prematurely for efficacy according to the Haybittle rule when there is a difference with P <0.001. 
 
Ethical considerations 
This study has been approved by the National Central Committee on Research involving Human 
Subjects (CCMO - NL 35278.018.11.), by the ethics committee of the Academical Medical Centre (Ref. 
No. 2011_010#B2012219). The boards of directors of all participating hospitals approved local 
excecution of the study. 
 

Discussion 
 
In Western countries, labour is induced in 20-30% of all pregnant women for various reasons. Until 
now different methods for labour induction are used. In literature contradictory results are reported 
regarding efficacy and safety of the induction methods. The outcome of our recent study which 
compared prostaglandin gel to a Foley catheter was that the Foley catheter showed fewer maternal 
and neonatal side-effects and was as effective as prostaglandin gel [9]. Another widely used method 
of labour induction is the administration of misoprostol. Misoprostol is recommended by several 
(inter)national guidelines, based on cost-effectiveness [6,8]. However, randomised controlled trials 
are underpowered to investigate the estimators of interest. Therefore we will compare in an 
adequately powered randomised open-label controlled trial induction of labour at term with a Foley 
catheter to oral misoprostol. Taking into account the possible risks, costs and women’s preferences; 
this study could assess the safest, most cost-effective and patient friendliest way of inducing labour 
with an unfavorable cervix. Eventually this study could contribute to achieve consensus in the 
guidelines, thereby improving the care for over 20% of all the pregnant women in western countries 
from who labour will be induced.  
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Summary  
 
Background 
Labour is induced in 20–30% of all pregnancies. In women with an unfavourable cervix, both oral 
misoprostol and Foley catheter are equally effective compared with dinoprostone in establishing 
vaginal birth, but each has a better safety profile. We did a trial to directly compare oral misoprostol 
with Foley catheter alone. 
 
Methods 
We did an open-label randomised non-inferiority trial in 29 hospitals in the Netherlands. Women 
with a term singleton pregnancy in cephalic presentation, an unfavourable cervix, intact membranes, 
and without a previous caesarean section who were scheduled for induction of labour were 
randomly allocated to cervical ripening with 50 μg oral misoprostol once every 4h or to a 30 mL 
transcervical Foley catheter. The primary outcome was a composite of asphyxia (pH ≤7·05 or 5-min 
Apgar score <7) or post-partum haemorrhage (≥1000 mL). The non-inferiority margin was 5%. The 
trial is registered with the Netherlands Trial Register, NTR3466. 
 
Findings 
Between July, 2012, and October, 2013, we randomly assigned 932 women to oral misoprostol and 
927 women to Foley catheter. The composite primary outcome occurred in 113 (12·2%) of 924 
participants in the misoprostol group versus 106 (11·5%) of 921 in the Foley catheter group (adjusted 
relative risk 1·06, 90% CI 0·86–1·31). Caesarean section occurred in 155 (16·8%) women versus 185 
(20·1%; relative risk 0·84, 95% CI 0·69–1·02, p=0·067). 27 adverse events were reported in the 
misoprostol group versus 25 in the Foley catheter group. None were directly related to the study 
procedure. 
 
Interpretation 
In women with an unfavourable cervix at term, induction of labour with oral misoprostol and Foley 
catheter has similar safety and effectiveness. 
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Background  
 
Induction of labour is an obstetric intervention that artificially initiates the process of effacement of 
the cervix, dilatation, uterine contractions, and eventually delivery of the baby. It aims to end the 
pregnancy through vaginal delivery, when continuation of the pregnancy could jeopardise the 
condition of the mother or her baby, and delivery ought to improve outcomes compared with 
continuing pregnancy. 25% of women in high-resource settings have labour induced.1–5 In women 
with an unfavourable cervix, induction of labour starts with cervical ripening, which can be achieved 
with mechanical methods, such as a Foley catheter, or pharmacologically, with prostaglandin E1 or 
E2 analogues.6 Although mechanical methods were predominantly used previously, in the past three 
decades labour has been induced in high-resource settings mostly with prostaglandins.7 The 
introduction of prostaglandins was not supported by strong evidence of better safety and 
effectiveness than older methods. Induction of labour with a Foley catheter results in less post-
partum haemorrhage and less asphyxia but a similar vaginal birth rate compared with dinoprostone 
(prostaglandin E2) gel.8 Misoprostol, a prostaglandin E1 analogue introduced in 1990, seems as 
effective as dinoprostone in establishing vaginal birth, with fewer side-effects.9,10 Administration of 
misoprostol 50 μg orally is associated with less hyperstimulation and asphyxia than is administration 
of 25 μg vaginally, and has similar effects.9 Although not licensed for induction of labour, misoprostol 
is recommended by WHO and the American College of Obstetricians and Gynecologists.6,11 A well-
powered randomised controlled trial to directly compare oral misoprostol with Foley catheter alone 
for induction of labour has never been done; therefore, we did a multicentre randomised controlled 
trial on the subject. 
 

Methods  
 
Study design and participants  
We did this open-label, non-inferiority trial in six tertiary care and 23 secondary-care hospitals 
collaborating in the Dutch consortium for women’s health research. We enrolled women with a vital 
singleton pregnancy in cephalic presentation, intact membranes, a gestational age of 37 weeks or 
more, and an unfavourable cervix (Bishop score <6), scheduled for induction of labour. We excluded 
women with known hypersensitivity to any of the products used, age younger than 18 years, a 
history of caesarean section, placenta praevia, or a fetus known to have lethal congenital anomalies. 
This trial was approved by the Central Committee on Research Involving Human Subjects, by the 
ethics committee of the Academic Medical Centre, Amsterdam, and by the boards of directors of all 
participating hospitals. The study protocol has been published.12 All participants provided written 
informed consent. 
 
Randomisation and masking  
Women were randomly allocated (1:1) to induction with oral misoprostol or induction with a Foley 
catheter, by use of a web-based program, with block sizes of two and four, and stratified by centre 
and parity. Because of the nature of the interventions, masking participants or caregivers to the 
allocation was not possible. Investigators analysing data were not masked to allocation. 
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Procedures  
Trained research staff, the treating midwife, or gynaecologist counselled women for the study. 
Trained research staff  recorded demographics, obstetric information, and medical history, and data 
about pregnancy and delivery until discharge. Data were entered in an online case-record form with 
checks for consistency. Women allocated to oral misoprostol received 50 μg capsules once every 4 
hours with a maximum of three times per day. Before administration of each dose, fetal condition 
and uterine activity were monitored. A subsequent misoprostol dose was withheld in the presence of 
three or more contractions in 10 min or in case of a non-reassuring fetal heart rate as shown on 
cardiotocography. The capsules were made from misoprostol 200 μg tablets (Searle, Maarssen, the 
Netherlands) manufactured by the hospital pharmacy at the Leiden University Medical Centre.12 The 
200 μg tablets were pulverised with a cube mixer. Capsules were prepared from the powder mixture, 
optionally supplemented with microcrystalline cellulose to achieve the volume needed for 100 
capsules. Each capsule contained 47.5–52.5 μg misoprostol. High-performance liquid 
chromatography showed the difference between the standard retention time and that of the sample 
was within 2·5%. Women allocated to induction with a Foley catheter had a 16F or 18F Foley catheter 
introduced through the cervix either digitally or using a vaginal speculum. After the Foley catheter 
had passed the internal os, the balloon was filled with 30 mL 0·9% sodium chloride or sterile water. 
The external end of the Foley catheter was taped to the thigh without traction. The ripeness of the 
cervix was assessed every 12h, or when the Foley catheter was expelled spontaneously. If the Bishop 
score remained less than 6 after 24h, the location of the Foley catheter was checked. When still in 
correct position, the Foley catheter was either left in place, or replaced with a new one after 24h, 
according to local preference. If the Bishop score remained less than 6 after 48h, the catheter was 
replaced. After every oral misoprostol dose or Foley catheter placement, women were assigned 1h of 
bed-rest while fetal condition and uterine activity were monitored. Induction was considered to have 
failed if the cervix remained unfavourable after 4 days of either Foley catheter or misoprostol. At that 
stage, the study protocol was stopped and further management was determined by the treating 
physician. In both groups, amniotomy was done when the Bishop score was 6 or greater, and at least 
4h after the last dose of misoprostol. After amniotomy, fetal condition and uterine activity were 
monitored continuously. If uterine activity was deemed insufficient (as judged by the treating 
physician), oxytocin was continuously infused through a syringe pump (mostly at an initial dose of 3.3 
mIU per min, which was increased by 3.3 mIU every 20–30 min) either until three or four 
contractions per 10 min were achieved, or progression was considered adequate. 
 
Outcomes  
The primary outcome was a composite of neonatal asphyxia (arterial umbilical cord pH ≤7·05 or 5-
min Apgar score <7) or post-partum haemorrhage (estimated blood loss ≥1000 mL ascertained over 
24h postpartum). Secondary outcomes included mode of delivery, indication for operative delivery, 
time from induction to delivery, use of analgesics, use of oxytocin, number of misoprostol doses or 
Foley catheters used, and number of vaginal examinations. Secondary outcomes related to maternal 
morbidity were postpartum blood transfusion and number of packed cells, hyperstimulation (more 
than five contractions in 10 min on at least two occasions) without change in fetal heart rate, 
hyperstimulation with changes of fetal heart rate (defined as a non-reassuring rate tracing by the 
treating physician), uterine hypertonus (a contraction lasting longer than 2 min with fetal heart rate 
changes), uterine rupture, maternal infection during labour, maternal infection within 1 week after 
delivery, use of intravenous antibiotics, endo(myo)metritis or urinary tract infection within 1 week 
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after delivery, and use of other drugs such as tocolytics to convert hyperstimulation. Secondary 
endpoints related to neonatal morbidity were fetal tachycardia (sustained rate >160 beats per min), 
meconium-stained liquor, birthweight, Apgar score less than 7 at 1 min, and admission to the 
neonatal ward or intensive care unit and the reason. Post-hoc outcomes were failed induction, 
estimated blood loss of 1000 mL or more and of 500 mL or more, volume of blood loss, duration 
from randomisation to the first stage of labour, duration from randomisation to birth, duration from 
induction to first stage of labour, delivery within 24h, 36h, and 48h, Apgar score less than 7 at 5 min, 
arterial pH of 7.05 or less, and pH 7.10 or less, neonatal death, length of neonatal admission, and 
maternal admission including duration of stay and reason for admission.  
 
Statistical analysis  
We decided to use a non-inferiority design because Foley catheter was considered the standard of 
care after the PROBAAT trial,8 and oral misoprostol would be acceptable if its safety and 
effectiveness was similar. We based our sample size calculation on data from the PROBAAT trial8 
because data for direct comparison between oral misoprostol and Foley catheter were lacking.13 We 
expected the primary outcome to occur in 13·7% of patients in the misoprostol group and in 12·7% of 
the Foley catheter group.8 We calculated that 1860 participants (930 per group, with a one-sided α of 
5%) would provide 80% power to show the non-inferiority of misoprostol on the composite outcome, 
with a non-inferiority margin of 5%. We considered induction with misoprostol non-inferior to 
induction with Foley catheter if the upper bound of the 90% CI would exclude an absolute 5% higher 
rate of composite outcome in the misoprostol group. We did another prospective sample size 
calculation showing that 1860 participants would give us more than 80% power to show non-
inferiority with regard to the proportion of caesarean sections, if the upper bound of the 95% CI 
would exclude a 5% higher absolute rate of caesarean sections with misoprostol compared with 
Foley catheter, assuming that 23% of patients have a caesarean section.8 There is no consensus 
defining the non-inferiority margin. We set the margin for the primary outcome to achieve a 
reasonable balance between clinical relevance and the practical size of the sample. 
We planned interim analyses for safety and effectiveness by an independent data and safety 
monitoring board after recruitment of 300 participants and 600 participants. The second interim 
analysis could not be done because patients were enrolled so quickly that enrolment was almost 
complete by the time data for 600 participants had been entered. Serious adverse events 
(intrauterine fetal death, uterine rupture, severe maternal and neonatal morbidity including 
intensive care admission, and study-related events such as placental abruption directly after 
insertion of Foley catheter) were reported to the Central Committee on Research Involving Human 
Subjects and to the ethics committee of the Academic Medical Centre, Amsterdam. The primary 
analysis was by intention to treat. Because of the non-inferiority design with one-sided testing, we 
calculated the primary outcome as relative risk with 90% CI. We adjusted for parity and centre, using 
a log-binomial model with parity as a fixed effect and centre as a random effect. We also calculated 
the risk difference with 90% CI. We calculated relative risks and 95% CIs for other binary outcomes, 
and tested differences between categorical variables with the χ² test, or Fisher’s exact test if the 
expected cell count was less than five. We present normally distributed data as means with SDs, and 
skewed distributions as medians with IQRs. We tested non-normally distributed continuous variables 
with the MannWhitney U test. We used Kaplan-Meier analysis to assess time-to-event outcomes. We 
expected that about a quarter of pH data would be missing because pH is not a standard 
measurement in all hospitals, whereas we expected almost complete data for 5-min Apgar score. For 
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participants with data missing for umbilical artery pH and a 5-min Apgar score of less than 7, the 
outcome was classified as abnormal; for patients with missing data for umbilical artery pH and a 5-
min Apgar score of 7 or more, the neonatal outcome was classified as normal. For all the other 
outcomes, we used complete-case analysis. We also did a per-protocol analysis. We planned a 
subgroup analysis for parity. We considered p<0.05 as statistically significant. We did the statistical 
analyses with SPSS (version 22). We calculated risk differences using R (version 3.1.2). The trial is 
registered with the Netherlands Trial Register, number NTR3466. 
 
Role of the funding source  
The funder of the study had no role in study design, data collection, data analysis, data 
interpretation, or writing of the report. The corresponding author had full access to all the data in the 
study and had final responsibility for the decision to submit for publication. 
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Results  
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Between July 18, 2012, and Oct 10, 2013, we deemed 2316 women eligible, of whom 1859 
consented to participate. We randomly assigned 932 women to misoprostol and 927 to Foley 
catheter (figure 1). 14 women were excluded from the intention-to-treat analyses, including two who 
did not meet the eligibility criteria: each had a history of caesarean section and no vaginal 
examination before randomisation. We believe that these women were enrolled by mistake by the 
treating physician. At the interim analyses, the data safety and monitoring board advised us to 
continue the trial.  
Baseline characteristics were much the same in each group (table 1). The most common indications 
for induction of labour were post-term pregnancy and hypertensive disorders (table 1).
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The primary outcome (asphyxia or postpartum haemorrhage) occurred in 113 (12.2%) of 924 
participants in the misoprostol group and 106 (11.5%) of 921 participants in the Foley catheter group 
(adjusted relative risk 1.06, 90% CI 0.86 to 1.31; risk difference 0.7%, 90% CI –1.8 to 3.2; table 2).  
155 (16.8%) of 924 women in the misoprostol group had a caesarean section compared with 185 
(20.1%) of 927 women in the Foley catheter group, with no significant difference between groups 
(relative risk 0.84, 95% CI 0.69 to 1.01, p=0.067; risk difference –3.3%, 95% CI –6.8 to –0.0). There 
were fewer caesarean sections for failure to progress in the first stage after induction in the 
misoprostol group than in the Foley catheter group (57 [6.2%] of 924 women vs 98 [10.6%] of 921 
women; relative risk 0.58, 95% CI 0.42 to 0.79, p=0.00054). Vaginal instrumental delivery was 
significantly more common in the misoprostol group than in the Foley catheter group (table 2).  
More vaginal examinations were done in the misoprostol group than in the Foley catheter group 
(table 2). Spontaneous rupture of membranes occurred significantly more often in the misoprostol 
group than in the Foley catheter group (table 2). Labour augmentation with oxytocin occurred less 
often in the misoprostol group than in the Foley catheter group (table 2). We recorded no significant 
difference in hyperstimulation either with or without fetal heart rate changes (table 2). 
Neonatal medium-care and intensive-care admissions did not differ significantly between the oral 
misoprostol and Foley catheter groups (table 3). There was no significant difference in suspected 
maternal infection or neonatal meningitis or sepsis between the groups (table 3).  
The individual components of the primary outcome did not differ significantly between groups (table 
2). Time from induction to the active phase of labour of less than 24h was more common with oral 
misoprostol than with Foley catheter, whereas it was more common with Foley catheter than with 
misoprostol after 30h (appendix pp 6, 24). Delivery within 24h was more common after induction 
with misoprostol than with a Foley catheter (table 2, figure 2). By contrast, delivery within 48h was 
achieved more often in the Foley catheter group than in the misoprostol group (table 2, figure 2). The 
results were similar when assessing time from randomisation (rather than time from induction) to 
active phase of labour or delivery (appendix pp 4–21). After 4 days, 59 (6.4%) of 924 patients in the 
misoprostol group and 23 (2.5%) of 921 patients in the Foley catheter group had not delivered (figure 
2). Of these women, 34 (3.7%) in the oral misoprostol group and 15 (1.6%) in the Foley catheter 
group met the criteria for failed induction—i.e., Bishop score less than 6 (relative risk 2.21, 95% CI 
1.21–4.04, p=0.0062). These women were subsequently treated according to local protocol. 
Frequency of, reason for, and length of maternal admission after delivery did not differ significantly 
between groups (table 3).  
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204 women were excluded for the per-protocol analysis, 63 in the misoprostol group and 141 in the 
Foley catheter group (figure 1). The main reasons for exclusion were: discontinuation of intervention, 
inability to insert Foley catheter, and membranes could be ruptured at the moment of induction. (If 
the intervention was discontinued or Foley placement failed, local protocol was followed, which 
could be dinoprostone, vaginal or oral misoprostol, or Foley catheter). When after local treatment 
the Bishop score was more than 6, membranes were ruptured, and if thought to be necessary, 
oxytocin was started, in the same regimen as the study’s protocol. In the per-protocol analysis, the 
primary composite outcome of asphyxia or post-partum haemorrhage occurred in 110 (12.5%) of 880 
participants in the misoprostol group and in 83 (10.6%) of 786 participants in the Foley catheter 
group (adjusted relative risk 1.18, 90% CI 0.95 to 1.48, p=0.22; risk difference 1.9%, 90% CI –0·6 to 
4.5; table 2). 133 (15.1%) of 880 participants in the misoprostol group versus 147 (18.7%) of 786 in 
the Foley catheter group had caesarean section (relative risk 0.81, 95% CI 0.65 to 1.00, p=0.051; risk 
difference –3.6%, 95% CI –7.2 to 0.0; table 2). The per-protocol analysis did not show significantly 
different outcomes for any of the secondary outcomes related to maternal or neonatal morbidity 
(appendix pp 3–4).  
52 serious adverse events were reported: 27 in the misoprostol group and 25 in the Foley catheter 
group (appendix p 2). None were directly related to study procedures. 49 babies were admitted to 
neonatal intensive care units. Four babies died (one in the misoprostol group vs three in the Foley 
group): three because of lethal congenital malformations diagnosed after delivery (one vs two), and 
one because of asphyxia (none vs one). The mother of the child who died by asphyxia was induced 
because of polyhydramnios and gestational diabetes. After amniotomy, fetal bradycardia occurred, 
for which an emergency caesarean section was done. There was no hyperstimulation, no use of 
oxytocin, no cord prolapse, and no blood loss. Apgar score was 1 after 1 min, 0 after 5 min, and 1 
after 10 min. Arterial umbilical cord pH was 6·99, base excess –16, and venous umbilical cord pH was 
7·15, base excess –7·8. The child was admitted to neonatal intensive care for whole-body cooling. 
MRI 5 days after birth showed severe brain damage, and treatment was withheld. The child died the 
same day. A cause for the asphyxia could not be found. Three women were admitted to intensive 
care (table 3, appendix p 2), two of whom had a major obstetric haemorrhage. The third woman had 
an allergic drug reaction of unknown origin during caesarean section. All women recovered well. We 
recorded four minor procedure-related adverse events. In both groups, there was one mild allergic 
reaction to the induction agent. In the Foley catheter group, two women had more than 100 mL 
blood loss on insertion of the catheter, which stopped after removal of the catheter.  
The effect of induction method on the primary outcome did not differ statistically between 
nulliparous women (13.8% in the misoprostol group vs 13.4% in the Foley catheter group, relative 
risk 1.03, 90% CI 0.77–1.30) and multiparous women (9.2% vs 8.0%, relative risk 1.17, 90% CI 0.77–
1.79; p interaction=0.70; appendix pp 8–12).  
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Discussion  
 
In this randomised trial, we found that, in women with an unfavourable cervix at term, induction of 
labour with oral misoprostol was not inferior to Foley catheter in terms of safety and effectiveness. 
The composite of postpartum haemorrhage and asphyxia did not occur significantly more often after 
induction of labour with oral misoprostol than with Foley catheter, and the individual components of 
the outcome were also similar. The proportion of patients who had caesarean section was similar in 
each group, but fewer caesarean sections were done in the oral misoprostol group as a result of 
failure to progress in first stage of labour than in the Foley catheter group. There were more vaginal 
instrumental deliveries in the misoprostol group than in the Foley catheter group. Thus, misoprostol, 
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although not licensed for use in pregnancy in many countries, is an effective and safe alternative for 
mechanical cervical ripening with a Foley catheter.  
Foley catheter placement did not succeed in 49 women, which could be because not all hospitals 
were experienced with Foley catheter use, although training was given on how to insert the catheter. 
Because our study was open-label, knowledge of the method of cervical ripening could have affected 
the decision to perform a caesarean section because of failure to progress, or could have led to 
crossover, or the use of dinoprostone. However, only 4.6% of patients in the misoprostol group and 
6.1% in the Foley catheter group changed induction method. We used a Foley catheter taped on the 
inner thigh without traction because there was no evidence for superiority of using traction when we 
designed our study. Subsequent evidence suggests that traction of the Foley catheter does not lead 
to better outcomes.14 Jozwiak and colleagues15 reported more hyperstimulation when using 
prostaglandins compared with mechanical methods (relative risk 0.19, 95% CI 0.08–0.43). Oral 
misoprostol results in less hyperstimulation than do other prostaglandins.16 These results correspond 
with our finding of no significant difference in hyperstimulation between the two groups.  
To our knowledge, oral misoprostol and Foley catheter have been directly compared in only one 
small study.17 No significant difference in caesarean section rate, or in Apgar score less than 7 at 5 
min was found. In our study, delivery within the first 24 h occurred more often after misoprostol, 
whereas after 36 h more deliveries had occurred after Foley catheter. Seemingly, misoprostol not 
only has an effect on cervical ripening but also facilitates the start of the first stage of labour, as do 
other prostaglandins.18 In concordance, we recorded less oxytocin use and fewer caesarean sections 
for failure to progress in the first stage of labour in the oral misoprostol group.  
The Cochrane Collaboration, WHO, and UK National Institute for Health and Care Excellence 
established birth within 24h of the start of induction as the most clinically relevant measure of 
effectiveness for trials of methods of labour induction.9,11,19 This conclusion is arguable, as in our 
opinion the goal of induction is a safe vaginal delivery for both mother and child soon enough to 
prevent complications for which the induction is performed. Thus, we believe that delivery within 
48h or 96h is acceptable, provided the condition of mother and child allow such a delay and the 
chances are still high to deliver vaginally without complications.20 We found that very few women 
needed more than 96 h of induction.  
We used a preparation of misoprostol that was reformulated by the study pharmacy. As far as we 
know, the capsules used in this study are not available to others. The manufacturing is 
straightforward, cheap, and accurate, and therefore can easily be done by other pharmacists. This 
preparation would be our first method of choice. Our second method of choice is using two 25 μg 
capsules, which are available in many countries. Alternatively, one could also divide 200 μg tablets 
into four pieces.  
Where cervical ripening takes place is a point of discussion. Because the process of cervical ripening 
is usually without complications, this intervention could be done in an outpatient setting, which is 
probably preferred by women and will reduce hospital costs.17,21 Although a vaginal prostaglandin, be 
it misoprostol or dinoprostone, might be related to hyperstimulation and subsequent asphyxia, 
mechanical induction is unlikely to generate such side-effects. We showed that oral misoprostol is 
equally safe as mechanical induction with a Foley catheter. More data on safety at home, women’s 
preferences, and costs are needed before a policy of cervical ripening at home can be implemented 
in routine care.  
At present, labour is induced in one of four pregnancies in high-resource settings and in one of ten 
pregnancies in low-income countries.11,22 Whether our results are generalizable for other high-
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income countries should be investigated, especially in countries with a high prevalence of obesity. 
Oral misoprostol is cheap, easy to store, and has a long shelf-life at room temperature, which makes 
it also suitable for use in low-resource settings. In countries where there is a reserved attitude 
towards induction of labour because of a high prevalence of infections and the risk of vertical 
transmission, oral administration of misoprostol for labour induction could be an option. To address 
this issue, a randomised controlled trial in low-resource settings is needed.  
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Research in context  
 
Evidence before this study  
We searched the Cochrane Library, PubMed, Embase, and Web of Science on June 24, 2015, without 
date or language restrictions with the terms: (“balloon dilatation” or “mechanical methods” or 
“mechanical dilatation” or “balloon” or “Foley”) and (“prostaglandin E1”or “misoprostol” or “PGE1”). 
We included randomised controlled clinical trials comparing 30 mL Foley catheter with 50 μL oral 
misoprostol for induction of labour. Participants were pregnant women who were scheduled for 
third trimester induction of labour, with an unfavourable cervix, a vital fetus in cephalic presentation, 
and no previous caesarean section. We identified 1122 articles. After removing duplicates, we 
assessed 745 articles. One study fulfilled the inclusion criteria. The study participants were randomly 
assigned to a study procedure, but how this was done was not explained, method of analysis was not 
mentioned, no outcome measures were mentioned in the method section, and no power calculation 
was done. Therefore, this study had a high risk of bias. The study showed no difference in caesarean 
section rate and no difference in Apgar score <7 at 5 min, but, because of a low number of 
participants (30 in each group) and the high risk of bias, these results should be interpreted with 
caution.  
 
Added value of this study  
Our trial is the first large well-powered randomised controlled study comparing oral misoprostol with 
Foley catheter for induction of labour. Our results suggest that induction of labour with oral 
misoprostol or Foley catheter are similarly safe and effective.  
 
Implications of all the available evidence  
Alfirevic and colleagues compared all prostaglandins for induction of labour in a systematic review 
and network meta-analysis. They found that low-dose oral misoprostol has the best safety compared 
with other prostaglandins. When comparing these data with our trial, oral misoprostol and Foley 
catheter are the best options of choice for induction of labour. This information will aid physicians in 
their making clinical decisions, and could prevent serious maternal and neonatal morbidity.  
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Appendix 
 

Oral misoprostol (N=924) Foley catheter (N=921)

Maternal intensive care admission

• Severe postpartum blood loss 2 0

• Allergic reaction due to drug administered during 
cesarean section

0 1

Neonatal intensive care admission

• Prior known nonlethal congenital malformations 14 12

• Not prior known lethal congenital malformations 1 2

• Asphyxia 2 2

• Transition problems 3 5

• Infection 2 2

• Dysmaturitas and glucose metabolism problems 1 0

• Other (one neonatal enterocolitis, one observation 
because of ruptured umbilical cord)

2 1

Table S1. Serious adverse events 

Per protocol analysis 
 Oral misoprostol (N=880) Foley catheter (N=786) 
Maternal age (years; mean, 
SD) 

31·7 (5·2) 31·3 (5·0) 

Ethnic origin   
• White 661 (75·1%) 610 (77·6%) 
• Other  139 (15·8%) 112 (14·2%) 
• Unknown 80 (9·1%) 64 (8·1%) 

Body Mass Index (median, IQR) 25·0 (22·2-29·1)A 24·4 (21·6-28·1)B 
Parity   

• 0 574 (65·2%) 507 (64·5%) 
• 1 193 (21·9%) 206 (26·2%) 
• ≥ 2 113 (12·8%) 73 (9·3%) 

Gest age weeks (median; IQR) 39·6 (38·2-41·1) 39·6 (38·2-41·1) 
Bishop score C,D   

• 0 85 (13·0%) 62(11·3%) 
• 1 127 (19·4%) 117 (21·2%) 
• 2 156 (23·8%) 155 (28·1%) 
• 3 155 (23·7%) 120 (21·8%) 
• 4 77 (11·8%) 69 (12·5%) 
• 5 55 (8·4%) 28 (5·1%) 

Indication for inductionE   
• Hypertensive disorders 253 (28·7%) 242 (30·8%) 
• Post term pregnancy F 274 (31·1%) 254 (32·3%) 
• Insulin dependent 66 (7·5%) 46 (5·9%) 
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diabetes 
• Oligohydramnion 48 (5·5%) 45 (5·7%) 
• Intra uterine growth 

restriction (IUGR) G 
63 (7·2%) 59 (7·5%) 

• Obstetric cholestasis  21 (2·4%) 22 (2·8%) 
• Decreased foetal 

movements 
67 (7·6%) 64 (8·1%) 

• Elective H 223 (25·3%) 188 (23·9%) 
• Other 67 (7·6%) 48 (6·1%) 

Foetal gender (male) 458 (52·0%) 424 (53·9%) 
Table S2. Baseline characteristics Data are n (%) unless otherwise indicated. A11% missing values (99 

of 880 participants), B9% missing values (70 of 786 participants), C,D Oral misoprostol 26% missing 

values (225 of 880 participants), Foley catheter 30% missing values (235 of 786 participants). EMore 

than one indication possible. FDefined according to local hospital protocol for induction of labor, 

which in most cases was a gestational age ≥41 weeks. GDefined as estimated fetal weight <10th 

percentile. H pelvic instability, social or psychological reasons, macrosomia, diabetes gravidarum with 

diet, obstetric history. 

 

 Oral 

misoprostol 

(N=880) 

Foley 

catheter 

(N=786) 

RR (95%CI) P-

value 

Birth weight (grams; mean, SD) 3423 (528) 3430 (534)  0·77T 

Analgesics use     

• Pethidine/Phenergan/Nubaine 91 (10·3%) 70 (8·9%) 1·16 (0·86-1·56) 0·32 

• Epidural 367 (41·7%) 355 (45·2%) 0·92 (0·83-1·03) 0·16 

• Remifentanil 106 (12·0%) 117 (14·9%) 0·81 (0·63-1·03) 0·09 

• Other 19 (2·2%) 18 (2·3%) 0·94 (0·50-1·78) 0·86 

Maternal intrapartum infection     

• Temperature ≥37.8°C during 

labour  

112 (12·7%) 100 (12·7%) 1·00 (0·78-1·29) 1·00 

• Antibiotic treatment during 

labour and delivery, suspected 

infection 

24 (2·7%) 28 (3·6%) 0·77 (0·45-1·31) 0·33 

Uterine rupture or perforation 0 (0·0%) 0 (0·0%) NA NA 

Maternal admission      

• Ward# 417 (47·4%) 404 (51·4%) 0·92 (0·84-1·02) 0·10 
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• Intensive care 2 (0·2%) 0 (0·0%) NA 0·50F 

Length of maternal admission 

postpartum (median, IQR) 

2 (1-3) 2 (1-3)  0·10M 

Reason maternal admission (more 

than one option possible) 

    

• (suspected) Infection*  44 (5·0%) 35 (4·5%) 1·12 (0·73-1·73) 0·65 

• UTI within one week after 

delivery (with positive culture) 

4 (0·7%) 3 (0·6%) 1.22 (0·27-5·42) 1.00F 

• Obstructed bowel disease 3 (0·3%) 3 (0·4%) 0·89 (0·18-4·41) 1·00 F 

• Trombo-embolic complication^ 1 (0·1%) 2 (0·3%) 0·45 (0·04-4·92) 0·61 F 

• Hypertensive disorder 152 (17·3%) 143 (18·2%) 0·95 (0·77-1·17) 0·62 

• Postpartum haemorrhage 55 (6·3%) 45 (5·7%) 1·09 (0·75-1·60) 0·65 

• Post caesarean 129 (14·7%) 143 (18·2%) 0·81 (0·65-1·00) 0·05 

• (pre)Eclampsia/HELLP 42 (4·8%) 32 (4·1%) 1·17 (0·75-1·84) 0·49 

• Other 106 (12·0%) 88 (11·2%) 1·08 (0·83-1·40) 0·59 

Neonatal admission     

• Ward#  259 (29·4%) 237 (30·2%) 0·98 (0·84-1·13) 0·75 

• Medium care 92 (10·5%) 83 (10·6%) 0·99 (0·75-1·31) 0·94 

• Intensive care 25 (2·8%) 20 (2·5%) 1·12 (0·63-1·99) 0·71 

Neonatal death 1 (0·1%) 3 (0·4%) 0·30 (0·03-2·86) 0·35F 

Length of neonatal admission  

postpartum (median, IQR) 

2 (1-3) 2 (1-3)  0·16M 

Reason neonatal admission     

• Neonatal meningitis       

o Suspected 6 (0·7%) 2 (0·3%) 2·68 (0·54-

13·24) 

0·29 F 

o Proven with culture 0 (0·0%) 0 (0·0%) NA NA 

• Neonatal sepsis      

o Suspected 35 (4·0%) 31 (3·9%) 1·01 (0·63-1·62) 0·97 

o Proven 1 (0·1%) 5 (0·6%) 0·18 (0·02-1·53) 0·11 F 

• Dysmaturity 59 (6·7%) 64 (8·1%) 0·82 (0·59-1·16) 0·26 

• Glucose protocol 169 (19·2%) 150 (19·1%) 1·01 (0·83-1·23) 0·95 

• Hypoglycaemia 31 (3·5%) 28 (3·6%) 0·99 (0·60-1·63) 0·97 
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• IRDS 0 (0·0%) 1 (0·1%) NA 0·47 F 

• Meconium aspiration 2 (0·2%) 3 (0·4%) 0·60 (0·10-3·55) 0·67 F 

• Pneumothorax/pneumomedia

stium 

2 (0·2%) 1 (0·1%) 1·79 (0·16-

19·66) 

1·00 F 

• Apnoea 0 (0·0%) 1 (0·1%) NA 0·47F 

• NEC 1 (0·1%) 1 (0·1%) 0·89 (0·06-

14·26) 

1·00 F 

• Clinical diagnosis of asphyxia 6 (0·7%) 5 (0·6%) 1·07 (0·33-3·50) 1·00 F 

• Intraventricular haemorrhage 1 (0·1%) 0 (0·0%) NA 1·00 F 

• Other 175 (19·9%) 162 (20·6%) 0·97 (0·80-1·17) 0·71 

Table S3. Maternal and neonatal outcome. Data are n (%) unless otherwise stated. NA=not 

applicable.* Endometritis: temperature of more than 37.8°C on 2 occasions at least one hour apart 

after the first 24h post-partum with associated uterine tenderness. It may be confirmed by positive 

blood cultures or lochia cultures but not necessarily. Within one week postpartum. Urinary tract 

infection treated with antibiotics: Complaints of cystitis like dysuria or pain in bladder region 

confirmed on urine dipstick with positive nitrite or leukocytosis or positive urine culture. Pneumonia: 

Clinical signs of pneumonia (e.g. cough, dyspnea) in combination with a suspected chest X-ray. ^ 

Trombo-embolic complications: Deep venous thrombosis confirmed by ultrasonography examination 

or pulmonary embolism confirmed by spiral computed tomography or V/P scan. # Maternal 

admission due to neonatal reasons are not reported, Neonatal admissions due to maternal 

conditions are not reported. FFisher exact test, MMann Whitney U test.T T test 



73

4

Per protocol, time from induction to active phase 

 

Figure S2. Time from start induction to active phase. 

Subgroup analysis 
 Oral 

misoprostol 

(N=610) 

Foley 

catheter 

(N=596) 

RR (95% CI) P-

value 

Primary composite outcome  (RR; 90% CI) 84 (13·8%) 80 (13·4%) 1·03 (0·81-1·30)  

Postpartum hemorrhage (median, IQR) 350 (300-

500) 

350 (250-

500) 

 0.93M 

Postpartum hemorrhage ≥1000mL 57 (9·3%) 61 (10·2%) 0·91 (0·65-1·29) 0·60 

Postpartum hemorrhage ≥500mL 198 (32·5%) 194 

(32·6%) 

1·00 (0·85-1·17) 0·97 

Apgar score <7     

1 min 37 (6·1%) 39 (6·5%) 0·93 (0·60-1·43) 0·73 

5 min 13 (2·1%) 11 (1·8%) 1·16 (0·52-2·56) 0·72 

Umbilical cord arterial pH     
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pH≤7∙10 44 (9.4%) A 34 (7.7%) B  1.23 (0.80-1.89) 0.34 

pH≤7.05 19 (4.1%)C  15 (3.4%) D 1.20 (0.62-2.34) 0.58 

Hyperstimulation     

• With FHR changes 24 (3.9%) 19 (3.2%) 1.23 (0.68-2.23) 0.49 

• Without FHR changes 8 (1.3%) 13 (2.2%) 0.60 (0.25-1.44) 0.25 

• Tocolytic use 28 (4.6%) 22 (3.7%) 1.24 (0.72-2.15) 0.43 

Mode of delivery     

• Spontaneous 355 (58·2%) 354 

(59·4%) 

0·98 (0·89-1·08) 0·67 

• Vaginal Instrumental 116 (19·0%) 78 (13·1%) 1·45 (1·12-1·89) 0·005 

• Cesarean section 139 (22·8%) 164 

(27·5%) 

0·83 (0·68-1·01) 0·06 

Indication vaginal instrumental delivery      

• Failure to progress 2nd stage 52 (8·5%) 38 (6·4%) 1·34 (0·89-2·00) 0·16 

• Suspected fetal distress 39 (6·4%) 31 (5·2%) 1·23 (0·78-1·94) 0·38 

• Suspected fetal distress AND 

failure to progress 2nd stage 

30 (4·9%) 12 (2·0%) 2·44 (1·26-4·73) 0·006 

• Maternal complication/other 1 (0·2%) 1 (0·2%) 0·98 (0·06-15·6) 1·00F 

Indication cesarean section     

• Failure to progress 1st stage 52 (8·5%) 92 (15·4%) 0·55 (0·40-0·76) <0·001 

• Failure to progress 2nd stage 17 (2·8%) 12 (2·0%) 1·38 (0·67-2·87) 0·38 

• Failed instrumental delivery 4 (0·7%) 2 (0·3%) 1·95 (0·36-10·6) 0·69~ 

• Suspected fetal distress 34 (5·6%) 24 (4·0%) 1·38 (0·83-2·31) 0·21 

• Suspected fetal distress AND 

failure to progress 1st stage 

16 (2·6%) 25 (4·2%) 0·63 (0·34-1·16) 0·13 

• Suspected fetal distress AND 

failure to progress 2nd stage 

8 (1·3%) 6 (1·0%) 1·30 (0·46-3·73) 0·62 

• Maternal complication or other 8 (1·3%) 3 (0·5%) 2·61 (0·70-9·77) 0·14 

Time from start induction to birth 

(median, IQR) 

33 (20-56) 33 (25-45)   

Delivery <24 hours 205 (33·6%) 133 

(22·3%) 

1·51 (1·25-1·82) <0·001 

Delivery<36 hours 335 (54·9%) 358 0·91 (0·83-1·01) 0·07 
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(60·1%) 

Delivery <48 hours 424(69·5%) 456 

(76·5%) 

0·91 (0·85-0·97) 0·006 

Maternal admission      

• Ward# 354 (58·0%) 363 

(60·9%) 

0·95 (0·87-1·05) 0·31 

• Intensive care 2 (0·3%) 1 (0·2%) 1·95 (0·18-21·5) 1·00 F 

Reason maternal admission     

• (suspected) Infection* 45 (7·4%) 37 (6·2%) 1·19 (0·78-1·81) 0·42 

Neonatal admission     

• Ward# 161 (26·4%) 168 

(28·2%) 

0·94 (0·78-1·13) 0·48 

• Medium care 74 (12·1%) 68 (11·4%) 1·06 (0·78-1·45) 0·70 

• Intensive care 19 (3·1%) 17 (2·9%) 1·09 (0·57-2·08) 0·79 

Neonatal death (≤ 28 days after birth) 0 (0·0%) 3 (0·5%) NA 0·12 F 

Reason neonatal admission     

• Neonatal meningitis       

o Suspected 7 (1·1%) 1 (0·2%) 6,84 (0·84-55·4) 0·07 F 

o Proven with culture 0 (0·0%) 0 (0·0%) NA NA 

• Neonatal sepsis      

o Suspected 36 (5·9%) 33 (5·5%) 1·07 (0·67-1·69) 0·79 

o Proven 1 (0·2%) 6 (1·0%) 0·16 (0·02-1·35) 0·07 F 

Table S4. Nulliparous subgroup analysis. Data are n (%) unless otherwise stated. NA=not applicable. A 

24% missing values (146 of 612 participants), B 26% missing values (156 of 603 participants),C 24% 

missing values (146 of 612 participants), D26% missing values (156 of 603 participants). # Maternal 

admission due to neonatal reasons are not reported, Neonatal admissions due to maternal 

conditions are not reported. F Fisher exact test, MMann Whitney U test. 
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Nulliparous, time from induction to active phase and birth  

 

 

 
Figure S3. Nulliparous. Time from start induction to active phase (top) and time from start induction 

to birth (bottom). 
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 Oral 

misoprostol 

(N=314) 

Foley 

catheter 

(N=325) 

RR (95% CI) P-value 

Primary outcome (RR; 90% CI) 29 (9·2%) 26 (8·0%) 1·15 (0·75-1·77)  

Postpartum hemorrhage (median, IQR) 300 (200-400) 300 (200-

400) 

 0·16M 

Postpartum hemorrhage ≥1000mL 22 (7·0%) 21 (6·5%) 1·08 (0·61-1·93) 0·78 

Postpartum hemorrhage ≥500mL 64 (20·4%) 69 (21·2%) 0·96 (0·71-1·30) 0·79 

Apgar score <7     

1 min 12 (3·8%) 8 (2·5%) 1·55 (0·64-3·75) 0·32 

5 min 4 (1·3%) 4 (1·2%) 1·04 (0·26-4·10) 1·00 F 

Umbilical cord arterial pH     

pH≤7∙10 11 (5·2%)A 9 (4·0%)B 1·29 (0·54-3·04) 0·57 

pH≤7∙05 3 (1·4%)C  1 (0·4%)D 3·16 (0·33-30·1) 0·36 F 

Hyperstimulation     

• With FHR changes 2 (0·6%) 3 (0·9%) 0·69 (0·12-4·10) 1·00 F 

• Without FHR changes 0 (0·0%) 3 (0·9%) NA 0·25 F 

• Tocolytic use 2 (0·6%) 7 (2·2%) 0·30 (0·06-1·41) 0·18 F 

Mode of delivery     

• Spontaneous 289 (92·0%) 294 (90·5%) 1·02 (0·97-1·07) 0·48 

• Vaginal Instrumental 9 (2·9%) 10 (3·1%) 0·93 (0·38-2·26) 0·88 

• Cesarean section 16 (5·1%) 21 (6·5%) 0·79 (0·42-1·48) 0·46 

Indication vaginal instrumental delivery      

• Failure to progress 2nd stage 1 (0·3%) 5 (1·5%) 0·21 (0·02-1·76) 0·22 F 

• Suspected fetal distress 5 (1·6%) 4 (1·2%) 1·29 (0·35-4·77) 0·75 F 

• Suspected fetal distress AND 

failure to progress 2nd stage 

2 (0·6%) 1 (0·3%) 2·07 (0·19-22·7) 0·62 F 

• Maternal complication/other 1 (0·3%) 0 (0·0%) NA 0·49 F 

Indication cesarean section     

• Failure to progress 1st stage 5 (1·6%) 6 (1·8%) 0·86 (0·27-2·80) 0·81 

• Failure to progress 2nd stage 2 (0·6%) 3 (0·9%) 0·69 (0·12-4·10) 1·00 F 

 

 

 Oral 

misoprostol 

(N=314) 

Foley 

catheter 

(N=325) 

RR (95% CI) P-value 

Primary outcome (RR; 90% CI) 29 (9·2%) 26 (8·0%) 1·15 (0·75-1·77)  

Postpartum hemorrhage (median, IQR) 300 (200-400) 300 (200-

400) 

 0·16M 

Postpartum hemorrhage ≥1000mL 22 (7·0%) 21 (6·5%) 1·08 (0·61-1·93) 0·78 

Postpartum hemorrhage ≥500mL 64 (20·4%) 69 (21·2%) 0·96 (0·71-1·30) 0·79 

Apgar score <7     

1 min 12 (3·8%) 8 (2·5%) 1·55 (0·64-3·75) 0·32 

5 min 4 (1·3%) 4 (1·2%) 1·04 (0·26-4·10) 1·00 F 

Umbilical cord arterial pH     

pH≤7∙10 11 (5·2%)A 9 (4·0%)B 1·29 (0·54-3·04) 0·57 

pH≤7∙05 3 (1·4%)C  1 (0·4%)D 3·16 (0·33-30·1) 0·36 F 

Hyperstimulation     

• With FHR changes 2 (0·6%) 3 (0·9%) 0·69 (0·12-4·10) 1·00 F 

• Without FHR changes 0 (0·0%) 3 (0·9%) NA 0·25 F 

• Tocolytic use 2 (0·6%) 7 (2·2%) 0·30 (0·06-1·41) 0·18 F 

Mode of delivery     

• Spontaneous 289 (92·0%) 294 (90·5%) 1·02 (0·97-1·07) 0·48 

• Vaginal Instrumental 9 (2·9%) 10 (3·1%) 0·93 (0·38-2·26) 0·88 

• Cesarean section 16 (5·1%) 21 (6·5%) 0·79 (0·42-1·48) 0·46 

Indication vaginal instrumental delivery      

• Failure to progress 2nd stage 1 (0·3%) 5 (1·5%) 0·21 (0·02-1·76) 0·22 F 

• Suspected fetal distress 5 (1·6%) 4 (1·2%) 1·29 (0·35-4·77) 0·75 F 

• Suspected fetal distress AND 

failure to progress 2nd stage 

2 (0·6%) 1 (0·3%) 2·07 (0·19-22·7) 0·62 F 

• Maternal complication/other 1 (0·3%) 0 (0·0%) NA 0·49 F 

Indication cesarean section     

• Failure to progress 1st stage 5 (1·6%) 6 (1·8%) 0·86 (0·27-2·80) 0·81 

• Failure to progress 2nd stage 2 (0·6%) 3 (0·9%) 0·69 (0·12-4·10) 1·00 F 
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• Failed instrumental delivery 0 (0·0%) 0 (0·0%) NA NA 

• Suspected fetal distress 2 (0·6%) 3 (0·9%) 0·69 (0·12-4·10) 1·00 F 

• Suspected fetal distress AND 

failure to progress 1st stage 

3 (1·0%) 2 (0·6%) 1·55 (0·26-9·23) 0·68 F 

• Suspected fetal distress AND 

failure to progress 2nd stage 

2 (0·6%) 1 (0·3%) 2·07 (0·19-22·7) 0·62 F 

• Maternal complication or other 2 (0·6%) 6 (1·8%) 0·35 (0·07-1·70) 0·29 F 

Time from start induction to birth 

(median, IQR) 

23 (13-35) 26 (14-32)   

Delivery <24 hours 162 (51·6%) 145 (44·6%) 1·16 (0·98-1·36) 0·08 

Delivery<36 hours 240 (76·4%) 265 (81·5%) 0·94 (0·87-1·02) 0·11 

Delivery <48 hours 266 (84·7%) 284 (87·4%) 0·97 (0·91-1·03) 0·33 

Maternal admission     

• Ward# 116 (36·9%) 124 (38·2%) 0·97 (0·79-1·18) 0·81 

• Intensive care 0 (0·0%) 0 (0·0%) NA NA 

Reason maternal admission     

• Suspected infection 5 (1·6%) 5 (1·5%) 1·04 (0·30-3·54) 1·00 F 

Neonatal admission     

• Ward# 97 (30·9%) 101 (31·1%) 0·99 (0·79-1·25) 0·96 

• Medium care 25 (8·0%) 30 (9·2%) 0·86 (0·52-1·43) 0·57 

• Intensive care 6 (1·9%) 10 (3·1%) 0·62 (0·23-1·69) 0·35 

Neonatal death (≤ 28 days after birth) 1 (0·3%) 0 (0%) NA 0·50 F 

Reason neonatal admission     

• Neonatal meningitis       

o Suspected 0 (0·0%) 1 (0·3%) NA 1·00 F 

o Proven with culture 0 (0·0%) 0 (0·0%) NA NA 

• Neonatal sepsis      

o Suspected 6 (1·9%) 5 (1·5%) 1·24 (0·38-4·03) 0·72 

o Proven 0 (0·0%) 0 (0·0%) NA NA 

Table S5. Multiparous subgroup analysis. Data are n (%) unless otherwise stated. NA=not applicable.A 

32% missing values (99 of 312 participants),B 31% missing values (98 of 318 participants),C 32% 

missing values (99 of 312 participants),D 31% missing values (98 of 318 participants). # Maternal 

admission due to neonatal reasons are not reported, Neonatal admissions due to maternal 

conditions are not reported. F Fisher exact test, MMann Whitney U test. 
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Multiparous, time from induction to active phase and birth 

 

 

Figure S4. Time from start induction to active phase (top) and time from start induction to birth 

(bottom). 
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Kaplan Meier curves from induction and randomisation to active phase and birth; ITT 

 

 

Kaplan Meier curves from induction and randomisation to active phase and birth; ITT 

 

 

Kaplan Meier curves from induction and randomisation to active phase and birth; ITT 
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Figure S5. Intention to treat analysis. Time from start induction to active phase (top), randomisation 
to active phase (middle) and time from randomisation to birth (bottom).
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Per protocol analysis 

 

 

Figure S6. Per protocol analysis. Time from randomisation to active phase (top) and time from 
randomisation to birth (bottom). 
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Subgroup analysis nulliparous 

 

 

Figure S7. Subgroup analysis nulliparous. Time from randomisation to active phase (top) and time 
from randomisation to birth (bottom).  

Subgroup analysis nulliparous 

 

 

Figure S7. Subgroup analysis nulliparous. Time from randomisation to active phase (top) and time 
from randomisation to birth (bottom).  

Subgroup analysis nulliparous 

 

 

Figure S7. Subgroup analysis nulliparous. Time from randomisation to active phase (top) and time 
from randomisation to birth (bottom).  
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Subgroup analysis multiparous 

 

 

Figure S8. Subgroup analysis multiparous. Time from randomisation to active phase (top) and time 
from randomisation to birth (bottom). 
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Abstract 
 
Objective  
To assess the costs of labour induction with oral misoprostol compared to Foley catheter. 
 
Design  
Economic evaluation alongside a randomised controlled trial. 
 
Setting 
Obstetric departments of six tertiary and 23 secondary care hospitals in the Netherlands.  
 
Population 
Women with a viable term singleton pregnancy in cephalic presentation, intact membranes, an 
unfavourable cervix (Bishop score <6) without a previous caesarean section, have been randomised 
for labour induction with oral misoprostol (n = 924) or Foley catheter (n = 921).  
 
Methods 
As clinical outcomes were comparable, we performed a cost-minimisation analysis from a hospital 
perspective. We estimated direct medical costs associated with healthcare utilisation from 
randomisation until discharge. The robustness of our findings was evaluated in sensitivity analyses. 
 
Main Outcome Measures 
Mean costs and differences per wom n induced with oral misoprostol or Foley catheter. a
 
Results  
Mean costs per woman in the oral misoprostol group and in the Foley catheter group were €4470 
versus €4158, respectively (mean difference €312 (95% confidence interval (CI) -€508 to €1063)). This 
difference was mainly driven by longer labour ward occupation in the oral misoprostol group. 
Multiple sensitivity analyses did not change these conclusions. Only, when cervical ripening for low-
risk pregnancies in the Foley catheter group would be carried out in an outpatient setting, with 
admittance to labour ward only at start of active labour, the difference would be €4470 versus 
€3489, respectively (mean difference €981 (95% CI €225 to €1817)). 
 
Conclusions  
Oral misoprostol and Foley catheter generate comparable costs. Cervical ripening outside labour 
ward with a Foley catheter could potentially save €981 per woman. 
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Introduction 
 
Labour induction is one of the most common obstetric interventions that occurs in one in five 
pregnancies in western countries and one in ten in third world countries 1-3. Labour induction is 
recommended when birth of the baby is expected to give better neonatal and or maternal 
outcomes than continuation of pregnancy 4,5. The most common reasons for induction of labour 
are hypertensive disorders, post-term pregnancy, intrauterine growth restriction and elective 
reasons 1-3. A substantial proportion of women in whom labour is induced require cervical 
ripening because of an unfavourable cervix at the start of induction. Currently, the most widely 
used cervical ripening methods worldwide are the Foley catheter (mechanical method) and 
prostaglandins (pharmacological method)1,3,6.  
We recently performed the PROBAAT-II trial, a randomised trial on induction of labour 
comparing 50 μg oral misoprostol to a Foley catheter in term women with an unfavourable 
cervix7. This study showed that oral misoprostol and Foley catheter did result in comparable 
outcomes regarding asphyxia, postpartum haemorrhage and caesarean section rates. Due to 
the large number of labour inductions, it has substantial impact on healthcare costs, and 
consequently differences in costs will have a large impact. We previously reported that Foley 
catheter generates comparable total inpatient costs when compared to PGE2 gel8. Another 
small economic analysis in an Australian study did not report differences in overall costs when 
comparing outpatient Foley catheter to inpatient PGE2 9.  
To our knowledge the economic consequences of labour induction with oral misoprostol 
compared to Foley catheter have never been compared. As both methods are currently 
considered safe and effective options to induce labour, we performed an economic evaluation 
comparing both methods. 
 

Methods 
 
Study design 
This economic evaluation was conducted alongside the PROBAAT-2 study, a randomised 
controlled trial that compared oral misoprostol to Foley catheter for induction of labour in 
pregnant women at term with an unfavourable cervix (Netherlands Trial Register NTR3466)7. 
Both the trial and the economic analysis had been approved by the Central Committee on 
Research involving Human Subjects (CCMO - NL 35278.018.11.), by the ethics committee of the 
Academic Medical Centre (Ref. No. 2011_010#B2012219), and by the boards of directors of all 
participating hospitals. The study protocol can be accessed online 10. The study was conducted 
in six tertiary and 23 secondary care hospitals in the Netherlands. Women with a viable 
singleton pregnancy in cephalic presentation, intact membranes, a gestational age of 37 weeks 
or more, no previous caesarean section, an unfavourable cervix (Bishop score <6), scheduled for 
induction of labour, were randomly allocated to induction of labour with oral misoprostol or a 
Foley catheter.  Women in the oral misoprostol group were treated with 50 µg capsules every 
four hours, with a maximum of three doses in 24 hours. In the Foley catheter group a 30 mL 
catheter filled with 0.9% NaCl or sterile water was placed. In both groups, if upon examination 
the cervix was found to be favourable (Bishop score ≥6), amniotomy was performed and 
oxytocin infusion was started if needed. 



88

The PROBAAT-2 trial found that induction of labour with oral misoprostol and Foley catheter resulted 
in comparable outcomes in terms of safety and effectiveness. Arterial umbilical cord pH≤7·05 
occurred in 3.2% versus 2.4% of all women (RR 1.4 95% confidence interval (CI) 0.72-2.6), five minute 
Apgar<7 occurred 1.8% versus 1.6% (RR 1.1 95%CI 0.57-2.3), postpartum haemorrhage occurred 
8.5% versus 8.9% (RR 0.96 95%CI 0.72-1.29). Caesarean sections did not differ significantly (16.8% 
versus 20.1%, RR 0.84, 95% CI 0.69 to 1.02), with more caesarean sections for suspected fetal distress 
but less for non-progressive labour after oral misoprostol. Vaginal instrumental delivery was 
performed more often in the oral misoprostol group (13.5% versus 9.6%, RR 1.41, 95%CI 1.09-1.83). 
After 24 hours, more women induced with misoprostol had delivered (37% versus 28%, RR 1.34 
95%CI 1.18-1.53), while after 48 hours more women in the Foley catheter group had delivered (72% 
versus 79%, RR 0.91, 95%CI 0.87-0.96).  
 
Inclusion of women and design of economic evaluation 
In the oral misoprostol group 932 women had been randomised, five women withdrew their 
informed consent, two did not meet inclusion criteria as they had a prior caesarean section and 
no vaginal examination prior to randomisation, one woman was lost to follow-up, thus leaving 
924 women available for analysis. In the Foley catheter group 927 women had been 
randomised, five withdrew their informed consent and one woman was lost to follow-up. For 
the cost analysis, we therefore used data from 1845 of the 1859 randomised women. All of the 
secondary outcomes had <1% missing, except of a. umbilical cord pH (27% missing data). As 
there were no differences in main outcomes between the two treatments, the economic 
analysis was a cost-minimisation procedure. A hospital perspective was used, including effects 
and direct medical costs until discharge to home. Discounting of costs was unnecessary because 
all costs occurred within 1 year 11. 
 
Resource use 
Resource use was collected in the Case Record Form, and measured separately in the antenatal, 
delivery and postpartum phase. In the antenatal phase, we documented admission time to the 
ward, and transfer to the labour ward. For the delivery phase we documented the time points 
of start of induction, rupture of membranes and start of active labour. Furthermore we 
included induction material (Foley catheter or oral misoprostol capsule), oxytocin for 
augmentation, medication use (antibiotics, tocolytics and pain medication such as Pethidine, 
Phenergan, Nubaine, patient controlled Remifentanil, epidural analgesia), cardiotocogram 
(CTG), fetal blood sampling, mode of delivery, perineal lacerations which were sutured in the 
operation theatre, manual removal of the placenta and blood transfusion. For the postpartum 
phase we recorded maternal and neonatal admissions (ward, medium, and intensive care) and 
ambulance transport between hospitals, until discharge. 
The duration of labour ward occupation was calculated as the interval between admission to 
the labour ward and birth, with addition of one hour for recovery care. Since the duration of 
occupation of the theatre during CS was not documented, the costs of a caesarean section were 
estimated as the costs of 1 hour in the operating theatre. 
 
Unit costs 
Unit costs were estimated with different methods and sources, all according to recent 
guidelines on costing of healthcare services (Table 1)12. All costs were expressed in 2013 euros 
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and inflated where appropriate using the consumer pricing index 13. Obtained estimates were 
used to calculate mean unit costs.  
For time spent on the maternal ward antepartum, in the labour ward, and operating theatre, 
costs per hour were based on estimates of staff time, use of materials and overheads during a 
standard delivery (bottom-up approach). For maternal postpartum admission and neonatal 
admissions we used the unit costs per day admission reported by the Dutch costing guideline, 
and subtracted the costs that did not apply for our population (top-down approach). Costs for 
neonatal admission to the maternity ward were included in costs for the maternal admission. 
Obstetric procedures were counted and valued separately to allow differentiation in associated 
costs between both induction groups. These included vaginal instrumental delivery, caesarean 
section (bottom-up), and CTG, analgesia, third-stage delivery procedures such as suturing tears, 
and manual removal of the placenta (top-down approach)12. Medication prices, including 
antibiotics, tocolytics, oxytocin, pethidine, Phenergan, nubaine and blood transfusion, were 
obtained from the Dutch Pharmacotherapeutic Compass 14. Costs for induction methods were 
derived from the hospital pharmacist of the Leiden university medical centre. We calculated 
costs for normal use outside of a trial regime.   
 

Unit
Unit cost 
(2013 
euro)

Valuation 
method 
(source)

Admission 
costs

Admission mother

hospital stay - ward day 391 real costs (2)

hospital stay - medium care day 593 real costs (2)

hospital stay - intensive care day 1895 real costs (2)

Labour ward hour 91 real costs (3)

hospital stay - ward before delivery hour 16 real costs (3)

Admission child

hospital stay - ward day 391 real costs (2)

hospital stay - medium care day 593 real costs (2)

hospital stay - neonatal intensive care day 1647 real costs (2)

Ambulance transport ride 360 guideline (1)

Personnel 
costs

Gynaecologist hour 78 guideline (1)

Neonatologist hour 78 guideline (1)

Paediatrician hour 78 guideline (1)
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Midwife hour 38 guideline (1)

Nurse hour 35 guideline (1)

Delivery Medication during labour

Antibiotics dose/day 35 Real costs (4)

Tocolytics costs per gift 52 Real costs (4)

Fetal blood sampling total costs labour 19 STAN trial (6)

Induction methods

Oxytocin total cost labour 1 real costs (4)

Foley catheter Costs per product 3 real costs (5)

Oral misoprostol Costs per gift 1 real costs (5)

Pain relief during labour

Pethidine/Phenergan/Nubaine Gift 3 Real costs (4)

patient controlled Remifentanil procedure 137 real costs (2)

epidural analgesia procedure 182 real costs (2)

Mode of delivery

Spontaneously procedure 1198 real costs (2)

CTG Procedure 33 real costs (2)

Operative delivery (ventouse and forcipal, 
extra costs) procedure 59 real costs (3)

Caesarean section (extra costs) procedure 158 real costs (3)

Third stage

Blood transfusion Gift 219 real costs (4)

Episiotomy/tear repair procedure 20 real costs (2)

Repair perineal tear in operating theatre procedure 180 real costs (2)

Manual removal placenta procedure 180 real costs (2)

Table 1. Cost-analyses: units of resource use, unit costs, valuation method and volume source. Source: 1. 
Dutch costing guidline, Hakkaart, 2010, 2. Unit cost calculation (top-down) of 1 general and 1 academic 
hospital, 3. bottom-up cost calculation, 4. Dutch harmacotherapeutic Compass, 5. Purchasing department 
LUMC, 6. STAN trial 
 
Analyses 
Analyses were by intention to treat. Total costs per women were calculated by multiplying 
resource use per woman by unit costs. Differences in resource use were tested using the 
nonparametric Mann–Whitney U test. Mean and median total costs per woman were 
calculated for the total trial period and split for the delivery and postpartum phase. Statistical 
uncertainty around the difference in mean costs was estimated by 5,000 bootstrap replications, 
expressed with 95% CI. Bootstrapping is based on generating multiple data sets using sampling 
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with replacement from the original data and calculating the statistic of interest, in each set, and 
on basis of these estimates we calculated the 95% CI15. 
The robustness of our findings was evaluated in multiple sensitivity analyses. In ten univariate 
models we examined the influence of assumptions and unit costs estimates. Models 1 and 2 
assessed the impact of expenses by varying time spent in labour ward or operating theatre for 
personnel (midwives, nurses and gynaecologists). Model 3 assessed the delivery expenses by a 
top-down approach. Model 4 examined the eventual additional costs for neonates on the 
maternal ward. Model 5 to 10 examined the cost differences in an academic and a non-
academic setting. In model 5 and 6 we calculated this for all maternal admissions. In model 7 
and 8 for neonatal admissions, and in model 9 and 10 for both maternal and neonatal 
admissions. 
Additionally we performed four scenario analyses to evaluate the impact of reducing labour 
ward occupation. In model 11, we assumed that all women were immediately admitted to the 
labour ward. In model 12, we assumed that women were admitted to the antenatal ward at the  
start induction with oral misoprostol or Foley catheter until, start of active labour or rupture of 
membranes, while monitoring fetal condition and uterine activity after every dose in the 
antenatal ward. Model 13 examined a scenario were women with a low-risk pregnancy (post 
term pregnancy (≥41 weeks), pregnancy cholestasis, and elective reasons), and receiving a Foley 
catheter, were discharged to home after insertion of the Foley catheter with a 12-hourly 
telephonic consultation with a qualified nurse and a 24-hourly control visit in the hospital. High 
risk women and women receiving oral misoprostol were assessed according to the base case 
scenario. Finally, we performed a subgroup analysis for nulliparous and multiparous women 
separately. All statistical, economic and simulation analyses were performed using SPSS version 
22.0 and Microsoft Excel 2010. 
 

Results 
 
Resource use 
Appendix table S1 presents average volumes of resources used and total costs in each group. In 
the oral misoprostol group, 98% of the women were induced with oral misoprostol and 93% of 
the women in the Foley catheter group were induced with a Foley catheter. In the oral 
misoprostol group 67% was admitted to the antenatal ward before active labour, whereas this 
was 60% of the women receiving a Foley catheter. Oxytocin for labour augmentation was 
administered in 68% of the women receiving oral misoprostol compared to 80% in the Foley 
catheter group. Mean labour ward admission was longer in the oral misoprostol group 
compared to the Foley catheter group (25.5 hours compared to 22.4 hours, P< 0.007). Other 
resource uses were not significantly different.  

 
Costs 
A summary of costs per woman is presented in Table 2. During delivery the mean cost 
difference was €323. This was mainly due to longer stays in the labour ward for oral misoprostol 
(difference €283). Induction material had comparable costs, mean of €3.33 for oral misoprostol 
compared to €4.16 for Foley catheter induction. There were more costs for CTG use in the oral 
misoprostol group (difference €63). Costs made in the third stage of labour were comparable. In 
the postpartum period, the mean cost difference per woman was -€11. Total direct medical 
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costs were not significantly higher for oral misoprostol compared to Foley catheter (mean 
€4,470 versus €4,158, mean difference €312 (95%CI -€508 to €1063).  
 

Oral misoprostol (N = 924 ) Foley catheter (N = 921 )

Mean Median (IQR) Mean Median (IQR)

Admission ward (including ripening) 274 114 (0-392) 280 161 (0-357)

Admission labour ward 2326 1410 (850-2821) 2043 1405 (899-2877)

Induction material 3 3 (1-5) 4 3 (3-4)

Medication during labour (incl. FBS) 108 138 (1-183) 119 138 (3-183)

CTG 262 213 (164-328) 199 164 (98-262)

Instrumental attempts (extra costs) 8 0 (0-0) 6 0 (0-0)

Cesarean section (extra costs) 26 0 (0-0) 32 0 (0-0)

Cost made in third stage delivery 39 20 (0-20) 40 20 (0-20)

Total delivery 3047 2241 (1495-3450) 2724 2173 (1476-3455)

Ambulance transfer 6 0 (0-0) 5 0 (0-0)

Maternal admission 766 649 (0-1297) 795 649 (0-1298)

Neonatal admission 650 0 (0-0) 635 0 (0-0)

Total postpartum 1423 1434

Total direct medical cost 4470 4158

Differential mean cost* (95% CI)** 312 (- 180 to 365)

Table 2. Costs per wom n (2013 euro) IQR Interquartile range, FBS fetal blood sampling * Oral misoprostol 
minus Foley catheter ** non-parametric confidence interval based on 1000 bootstrap replications 

a

 

Sensitivity, scenario and subgroup analysis 
In Table 3 the results of the scenario and sensitivity analyses are shown. If labour ward costs 
would be increased from €91 to €183 and operating theatre costs from €158 to €316 per hour,  
the difference would increase to €588 (95% CI −€403 to €1654), in favour of Foley catheter 
induction (model 1). When decreasing labour ward costs from €91 to €46 and operating theatre 
costs from €158 to €79, the difference in costs decreases to €173 (95%CI -589 to 935) (model 
2). When calculating with fixed prices for spontaneous, instrumental and caesarean delivery 
from a top-down calculation perspective, the differences in costs diminished (€3439 versus 
€3433, mean difference €5, 95% CI -533 to 1073) (model 3). When assuming different costs for 
admission postpartum in models 5 to 10, the mean differences in costs did not change 
significantly compared to the base case scenario. 
Admission directly to the labour ward from start of induction increased the mean costs in both 
groups (in the oral misoprostol group augmentation from €4470 to €5962 and in the Foley 
catheter group from €4158 to €5682), a difference that remained comparable to the base case 
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scenario (model 11). Admission to the antenatal instead of labour ward from start induction to 
start of the active phase decreased the costs in the oral misoprostol group from €4470 to €2879 
and in the Foley catheter group from €4158 to €2857. The difference in costs decreased from 
€312 to €23 (model 12).  
When looking at low risk women (defined as indication for induction: post term pregnancy (≥41 
weeks), pregnancy cholestasis, and elective reasons) to have home induction with Foley 
catheter the difference in costs are substantial and significantly different (€4470 for oral 
misoprostol compared to 3489 for Foley catheter, difference 981, 95% CI 225 to 1817). 
A subgroup analysis showed that the overall costs of induction with oral misoprostol are higher 
for nulliparous women (€5,126 versus €4,561), whereas the overall costs for multiparous 
women favour oral misoprostol (€3,136 versus €3,419), which is mainly due to shorter time-to-
delivery in multiparous women (Appendix S2). However, the difference in mean costs is no 
longer present when assuming induction at home for low-risk women receiving a Foley catheter 
(€3136 versus €2114) (appendix S3).  

Model Description
Oral 
misoprostol

Foley 
catheter Diff 95%CI

sensitivity analyses

0 Base Case 4470 4158 312 -508 to 1063

1* Higher labour ward (€183) and operation room (€316) costs 6820 6232 588 -403 to 1654

2* Lower labour ward (€46) and operation room (€79) costs 3289 3116 173 -589 to 935

3* Top-down calculation delivery 3439 3433 5 -533 to 1073

4* Additional costs for neonate on maternal ward 5186 4898 289 -563 to 1192

5*
All maternal admissions valued by using academic unit 
costs 4693 4395 298 -430 to 1201

6* All maternal admissions valued by using general unit costs 4401 4093 309 -386 to 1172

7*
All neonatal admissions valued by using academic unit 
costs 4729 4372 357 -688 to 1489

8* All neonatal admissions valued by using general unit costs 4408 4043 347 -403 to 1346

9* All admissions valued by using academic unit costs 4952 4609 343 -708 to 1453

10* All admissions valued by using general unit costs 4340 3978 362 -402 to 1267 

Scenario analyses

11* Admission to labour ward from moment of induction 5962 5682 280 -667 to 1236

12*
admission to antenatal ward until end induction and start 
active phase 2879 2857 23 -719 to 840

13**
Outpatient induction with Foley catheter in low-risk 
pregnancies*** 4470 3489 981 225 to 1817

Table 3. Sensitivity and scenario analyses (2013 euro) * Scenario calculated in both arms** Scenario only 
calculated for Foley catheter *** Low-risk pregnancies are post term pregnancy (≥41 weeks), pregnancy 
cholestasis, and elective reasons 



94

Discussion 

 
This study assessed the direct medical costs of induction of labour at term using oral misoprostol 
compared to Foley catheter. Our analyses showed that the mean costs per woman were €4,470 in 
the misoprostol group and €4,158 in the Foley catheter group, a difference that was not statistically 
significant (mean difference €312, 95% CI €-508 to €1063). Costs differences predominantly 
originated from duration of labour ward stay. Sensitivity analyses demonstrated that when estimates 
for resource use and unit prices are varied, the difference between both induction methods would 
remain low. When cervical ripening in the Foley catheter group in low risk women would be carried 
out in an outpatient setting, costs differences could be as large as €981 (€4,470 in the oral 
misoprostol versus €3,489 in the Foley catheter group, 95% CI €225 to €1,817). 
Strengths of our study are the randomised design of the trial and prospective registration of resource 
use, its large sample size and the diversity of participating hospitals. As extensive sensitivity analyses 
and scenario analyses showed consistent results, we can conclude that the model is robust against 
the most influential uncertainties 11,15. Furthermore, no additional visits or products used were 
necessary for the PROBAAT-II study, therefore the costs are representable for daily practise. 
Different scenarios for reducing the time spent in the labour ward provide opportunities for reducing 
costs.  
The study has also several limitations. A hospital perspective was used, including effects and direct 
medical costs until discharge to home. Despite the short time horizon of the trial, we can speculate 
on the long-term impact on costs. After the index admission, medical costs are generated by 
healthcare utilization, as well as informal care. Oral misoprostol results in more vaginal instrumental 
deliveries. Although this did not directly influence the costs, it might have effect on long-term 
outcomes regarding maternal pelvic floor prolapses and their treatment 16. Foley catheter induction 
results in non-significant increase in caesarean sections, which might generate more costs in long 
term follow up due to risks for subsequent  pregnancies after caesarean section 17. As unit costs were 
estimated using Dutch reference prices and our cost calculations were based on the practice in the 
Netherlands, country-specific prices and assumptions need to be considered before generalising 
these results to other countries. 
To our knowledge this is the first economic evaluation that compared induction of labour with oral 
misoprostol to Foley catheter. Previous economic evaluations in the area of induction of labour have 
compared Foley catheter to PGE2 gel (van Baaren et al) and outpatient use of Foley catheter to PGE2 
gel (Austin et al)8,9. Both studies did not find a significant difference in total direct medical costs for 
induction with a Foley catheter or PGE2 gel. In addition to our base-case analysis, we analysed the 
scenario where all low risk women receiving a Foley catheter were induced in an outpatient setting, 
which could significantly reduce healthcare costs, and was also found in the cost analysis of the 
PROBAAT study. In contrast, Austin et al did not find a cost reduction. However, they studied a small 
sample size (50 women per group), thereby increasing the risk of being underpowered to find a 
statistically significant difference. Moreover, they did not find a shorter labour ward stay when Foley 
was given in an outpatient setting compared to inpatient prostaglandins, whereas this was 
significantly shorter in our study. Furthermore, the safety of outpatient induction with a Foley 
catheter is still under investigation. A large retrospective cohort study among 1905 women studied 
the potential for adverse outcome by using an outpatient protocol but monitoring the patient 
overnight as an inpatient. They found that there were no adverse events such as caesarean for non-
reassuring fetal heart tracing, abruption of the placenta, and stillbirth occurring 2 hours after 
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inpatient Foley insertion at 9-11 pm until 6 am 18. Another small randomized trial compared 61 
women with outpatient cervical ripening to 50 women for inpatient cervical ripening with a Foley 
catheter. They found both methods to be equally safe. Nevertheless, rare adverse maternal and/or 
fetal events could not be monitored due to a small sample size19. 
Our analysis shows the total financial costs of labour induction with oral misoprostol or Foley 
induction. The costs of oral misoprostol are higher due to longer labour ward occupation. This could 
be a consequence of the fact that oral misoprostol not only ripens the cervix, but also facilitates 
uterine contractions and therefore women are sooner admitted to the labour ward 20. When a 
woman experiences uterine contractions a CTG is performed to evaluate the neonatal reaction on 
the contractions. This fact, in combination with the fact that after every misoprostol dose a CTG is 
performed, could explain why there are more CTGs in the oral misoprostol group compared to the 
Foley catheter group. Furthermore, as Foley catheter only has effect on cervical ripening and does 
not directly cause contractions, it would be very interesting from a woman- and cost-‘s perspective 
to allow the ripening process to occur at home. We showed that this would potentially save € 981 
per woman.  
 

Conclusion 
 
In summary, we conclude that oral misoprostol and Foley catheter generate comparable costs. 
However, it seems that Foley catheter induction could be less expensive in an outpatient setting, 
while remaining safe. The viability of outpatient induction should be confirmed by cohort studies, 
appropriately powered to investigate the safety of  outpatient induction.  
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Table S2. Subgroup analysis (2013 euro) Oral misoprostol Foley catheter

Parity N Costs N Costs

0 610 5126 596 4561

1 199 3225 232 3655

2 79 2794 67 2935

3 26 2919 22 2390

4 6 6195 3 3185

5 4 2285 0 0

6 0 0 1 4388

>0 314 3136 325 3419

S2. Subgroup analysis showed that the total costs of induction with oral misoprostol is more expensive 
in nulliparous women

Table S3. Subgroup analysis (2013 euro) Oral misoprostol Foley catheter

Parity N Costs N Costs

0 610 5126 596 2776

1 199 3225 232 2278

2 79 2794 67 1774

3 26 2919 22 1362

4 6 6195 3 2241

5 4 2285 0 0

6 0 0 1 3031

>0 314 3136 325 2114

S3. Subgroup analysis for parity and induction at home scenario for low risk women receiving a Foley 
catheter.
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Abstract 
 
Objective  
We assessed experience and preferences among term women undergoing induction of labor with 
oral misoprostol or Foley catheter. 
 
Study Design  
In 18 of the 29 participating hospitals in the PROBAAT-II trial, women were asked to complete a 
questionnaire within 24 hours after delivery. We adapted a validated questionnaire about 
expectancy and experience of labor and asked women whether they would prefer the same method 
again in a future pregnancy. 
 
Results  
The questionnaire was completed by 502 (72%) of 695 eligible women; 273 (54%) had been randomly 
allocated to oral misoprostol and 229 (46%) to Foley catheter. Experience of the duration of labor, 
pain during labor, general satisfaction with labor, and feelings of control and fear related to their 
expectation were comparable between both the groups. In the oral misoprostol group, 6% of the 
women would prefer the other method if induction is necessary in future pregnancy, versus 12% in 
the Foley catheter group (risk ratio: 0.70; 95% confidence interval: 0.55–0.90; p = 0.02) 
 
Conclusion  
Women’s experiences of labor after induction with oral misoprostol or Foley catheter are 
comparable. However, women in the Foley catheter group prefer more often to choose a different 
method for future inductions. 
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Introduction 
 
Currently, 20 to 30% of all deliveries are induced.1–3 Induction is a solid option when the outcome for 
mother and child is likely to be improved by delivering the baby rather than continuing the 
pregnancy. Common indications for induction of labor are postterm pregnancy, hypertensive 
disorders, prelabor rupture of membranes, diabetes in pregnancy, suspected intrauterine growth 
restriction, macrosomia, and elective reasons.4,5  
Most research regarding induction of labor has focused on methods and different management 
strategies, with little attention for women’s experiences and preferences.6,7 In a prospective cohort 
study among 936 women, those who had their labor induced had a less positive birth experience 
compared with spontaneous labor (odds ratio [OR]: 1.5; 95% confidence interval [CI]: 1.0–2.3).5 Also, 
women who had their labor induced were less satisfied with the care received compared with 
women who had spontaneous onset of labor.8 
In women with an unripe cervix requiring induction of labor, both oral misoprostol and the Foley 
catheter are safer than vaginal prostaglandins.6–9 Our recent PROBAAT-II trial compared induction of 
labor with 50-µg oral misoprostol to 30-mL transcervical Foley catheter in women with an 
unfavorable cervix at term. The study showed that induction with oral misoprostol was comparable 
to Foley catheter in terms of safety and effectiveness.9 With a comparable safety and effectiveness 
profile, women’s experiences and preferences will become increasingly important.  
As women’s experiences and preferences for induction of labor with oral misoprostol or Foley 
catheter have not been compared, we evaluated women’s experiences, general satisfaction, and 
preferences after induction of labor with oral misoprostol or Foley catheter at term. 
 

 
Materials and methods 
 
Study design 
The present study was conducted as part of the PROBAAT-II trial (registered in the Netherlands trial 
register, number NTR3466). The PROBAAT-II trial compared term induction of labor with oral 
misoprostol to Foley catheter, in 29 hospitals in the Netherlands. In 18 of the 29 participating 
hospitals participating women were requested to complete a questionnaire on their labor experience 
within 24 hours after delivery. These 18 hospitals were selected because trained research staff was 
available to handle the questionnaires, thus ensuring quality. All questionnaires were anonymous 
and all women gave written informed consent. The Medical Ethics Committee (MEC) of Amsterdam 
Medical Center in Amsterdam and the institutional review boards of participating hospitals approved 
the study protocol, including the women’s experience and preference questionnaire, before start of 
the study (MEC 11/010). 
 
Participants and procedures 
Details of the study protocol have been reported elsewhere.9 In short, the trial was a multicenter 
open-label randomized controlled trial studying women with a viable singleton pregnancy beyond 37 
weeks of gestation, scheduled for induction of labor, with an unfavorable cervix (Bishop score < 6) 
and without a previous cesarean section. The study compared induction of labor with oral 
misoprostol to Foley catheter. Women in the oral misoprostol group were treated with 50-µg 
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capsules every four hours, with a maximum of three doses in 24 hours. In the Foley catheter group, a 
30-mL Foley catheter filled with 0.9% sodium chloride or sterile water was placed. The placement 
was either digital or using a speculum, depending on the preferences of the treating physician. All 
patients were admitted to the hospital from start induction until delivery. If upon examination, the 
cervix was found to be favorable (Bishop score ≥ 6), amniotomy was performed and oxytocin infusion 
was started, if needed, in both groups. 
 
Outcomes 
Women were informed about the study by their attending obstetrician or midwife and received a 
brochure at least 1 day before admission. This brochure contained information about the purpose of 
the study, implication of participation, and possible side effects of the induction methods. When 
consent to participation was given and randomization had taken place, women received the 
questionnaire within 24 hours after delivery. Thereafter, they were asked to complete the 
questionnaire within the following 24 hours. 
Currently, there is no availability of validated questionnaires on experiences of and preferences for 
induction of labor. We therefore modified a validated questionnaire by Wijma et al concerning 
delivery expectancy and experiences.10,11 We extrapolated a set of 11 questions regarding moods and 
experiences with answers on a scale of 1 to 5 (“Much worse than expected,” “Worse than expected,” 
“As expected,” “Better than expected,” and “Much better than expected”) and an option to fill in 
“Don’t know.” Pain perception by women was measured on a visual analog scale (VAS) ranging from 
0 to 100. As it is not easy to distinguish between the ripening phase and the active phase of labor, we 
decided to ask the questions as an overall experience. It is not feasible to give both induction 
methods to the same woman for the same pregnancy and then ask which she would prefer. 
Therefore, to evaluate the preference for the induction method, we asked if they felt like the 
alternative procedure of induction of labor would have been better for them. At the end of the 
questionnaire, there was a free text field for comments and questions. The questionnaires were 
administered in Dutch and translated in English for purpose of this article (appendix 1). 
 
Statistical analysis 
Normally distributed continuous data are shown as means with standard deviations and skewed 
distributions as medians with interquartile ranges. Percentage calculation was based on the number 
of available observations. Univariate and multivariate analyses were performed for the induction 
method preference question, adjusting for mode of delivery, time to delivery, analgesic use, and 
admission postpartum. The estimated effect of the comparison is shown as OR with 95%CI. For the 
analysis of the mood and experiences questions, we combined the “Much worse than expected” and 
“Worse than expected,” as well as the answers “Better than expected” and “Much better than 
expected.” Thereby, we had a trichotomous outcome and compared each question between the two 
induction methods. To explore the relation between the categorical variables of both groups, we 
used the chi-square test for Fisher’s exact test, where appropriate. For non-normally distributed 
continuous data, we used the Mann–Whitney’s U test. We performed all statistical analyses using 
SPSS (IBM SPSS Statistics for Mac, version 22.0, SPSS Inc.). We considered a p-value of < 0.05 to 
indicate statistically significance. 
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Results 
 
Between July 2012 and October 2013, 1,859 women were randomized in the PROBAAT-II trial. From 
these, we selected 18 hospitals to participate in the women’s experience and questionnaires trial 
(1,200 women). The experience and questionnaires trial was implemented alongside the PROBAAT-II 
trial in March 2013. This yielded 695 women eligible to fill out the questionnaire. Of them, 502 (72%) 
women participated, of which 273 (54%) were allocated to oral misoprostol and 229 (46%) to a Foley 
catheter (Fig. 1). 
 

 

 

Figure 1. Flowchart    

Excluded  (n=193)
♦   Declined to participate or questionnaire 

was not given/not completed (n=193)

Analysed  (n=273)
Excluded from analysis (n=0)

Allocated to oral misoprostol (n=273) Allocated to Foley catheter (n=229)

Analysed  (n=229)
Excluded from analysis (n=0) 

Completed questionnaire 
(n=502)

Eligible women during distribution 
period questionnaires (n=695)

Women randomized for PROBAAT-II 
trial (n=1859)

Women in participating hospitals 
(n=1200)

Excluded  (n=659)
♦   Hospitals (11) not participating in the women’s 

experience and preference trial

Excluded  (n=541)
♦   Women randomized for PROBAAT-2 before 

start implementation of women’s experience 
and preference trial



105

Baseline demographic and clinical characteristics were comparable between the oral misoprostol and 
Foley catheter groups (Table 1). The most frequent indications for induction of labor were 
hypertensive disorders and postterm pregnancy. When we compared responders to nonresponders, 
we had more responses from Caucasian women (81 vs. 69%, p = 0.04). Elective reasons for induction 
(defined as pelvic instability, social or psychosocial, macrosomia, gestational diabetes with diet and 
without medication, obstetric history) were less frequent among the responders group versus the 
nonresponders (22 vs. 31%, p = 0.05). Other characteristics such as mode of delivery, analgesic use, 
postpartum bleeding, neonatal morbidity, and admission postpartum did not differ between 
responders and nonresponders (Table 1). 

 Characteristic Responders (N = 502) Non responders (N = 193) P value 
respond
ers 
versus 
non 
respond
ers 

 Oral 
misoprostol  
(n = 273) 

Foley 
catheter  
(n = 229) 

Oral 
misoprostol 
(N=90) 

Foley 
catheter 
 (N = 103) 

 

Maternal age (years; mean [SD]) 31.1 (4.8) 30.6 (4.7) 30.5 (6.0) 30.1 (4.8) 0.52^ 
Ethnic origin (%)     0.04 
• Caucasian 218 (79.9%) 186 (81.2%) 67 (74.4%) 78 (75.7%)  
• Other 55 (20.1%) 43 (18.8%) 23 (25.6%) 25 (24.3%)  
Body Mass Index (median [IQR]) 25.4 (22.3-

29.8)a 
24.4 (21.8-
28.7)b 

25.2 (22.6-
29.1) c 

24.9 (22.0-
30.3) d 

0.84^ 

Parity     0.83 
• 0 177 (64.8%) 133 (58.1%) 56 (62.2%) 66 (64.1%)  
• 1 64 (23.4%) 70 (30.6%) 24 (26.7%) 28 (27.2%)  
• ≥ 2 32 (11.7%) 26 (11.4%) 10 (11.1%) 9 (8.7%)  
Gestational age (weeks; median [IQR]) 39.2 (38.1-

41.0) 
39.3 (38.2-
41.1) 

39.3 (38.1-
40.6) 

39.6 (38.2-
41.0) 

0.92^ 

Bishop score (median [IQR])  2.0 (1.0-3.0)e 2.0 (1.0-3.0)f 2.0 (1.0-
3.0)g 

2.0 (1.0-3.0)h 0.58^ 

Indication for induction      
• Hypertensive disorders 93 (34.1%) 78 (34.1%) 35 (38.9%) 26 (25.2%) 0.54 
• Post term pregnancy 73 (26.7%) 66 (28.8%) 19 (21.1%) 29 (28.2%) 0.45 
• Insulin dependent diabetes 16 (5.9%) 10 (4.4%) 7 (7.8%) 10 (9.7%) 0.08 
• Oligohydramnion 10 (3.7%) 10 (4.4%) 4 (4.4%) 6 (5.8%) 0.49 
• Intra uterine growth restriction 

(IUGR) 
20 (7.3%) 18 (7.9%) 6 (6.7%) 5 (4.9%) 0.39 

• Obstetric cholestasis 9 (3.3%)  4 (1.7%) 1 (1.1%) 1 (1.0%) 0.17* 
• Decreased fetal movements 25 (9.2%) 25 (10.9%) 9 (10.0%) 11 (10.7%) 0.88 
• Elective# 62 (22.7%) 50 (21.8%) 30 (33.3%) 29 (28.2%) 0.05 



106

• Other 23 (8.4%) 21 (9.2%) 6 (6.7%) 10 (9.7%) 0.84 
Fetal gender      
• Male gender 142 (52.0%) 125 (54.6%) 43 (42.6%) 58 (57.4%) 0.84 
Hyperstimulation      
• With FHR changes 5 (1.8%) 5 (2.2%) 6 (6.7%) 2 (1.9%) 0.11 
• Without FHR changes 2 (0.7%) 4 (1.7%) 1 (1.1%) 1 (1.0%) 0.86 
Mode of delivery      
• Spontaneous 193 (70.7%) 171 (74.7%) 56 (62.2%) 75 (72.8%) 0.23 
• Vaginal instrumental 37 (13.6%) 19 (8.3%) 9 (10.0%) 8 (7.8%) 0.37 
• Cesarean section 43 (15.8%) 39 (17.0%) 25 (27.8%) 20 (19.4%) 0.03 

Time induction to birth (h; median 
[IQR]) 

30 (17-50) 30 (22-37) 31 (17-59) 32 (22-54) 0.12^ 

Analgesics use      
• None 85 (31.1%) 58 (25.3%) 21 (23.3%) 23 (22.3%) 0.13 
• Pethidine/Phenergan/Nubaine/r

emifentanyl 
59 (21.6%) 53 (23.1%) 14 (15.6%) 23 (22.3%) 0.37 

• Epidural 112 (41.0%) 104 (45.4%) 43 (47.8%) 51 (49.5%) 0.18 
Postpartum bleeding ≥ 1000 ml 30 (11.0%) 17 (7.4%) 3 (3.3%) 11 (10.7%) 0.38 
Postpartum bleeding ≥ 500cc 87 (31.9%) 63 (27.5%) 28 (31.1%) 21 (20.4%) 0.24 
Apgar score <7      
• 1 min 15 (5.5%) 10 (4.4%) 7 (2.6%) 5 (2.2%) 0.52 
• 5 min 7 (2.6%) 5 (2.2%) 2 (2.2%) 3 (2.9%) 1.00* 

Umbilical cord arterial pH      
• pH ≤ 7.05 4 (1.9%)i 3 (1.8%)j 4 (6.5%)k 3 (4.0%)l 0.06* 
• pH ≤ 7.10 14 (6.6%)m 12 (7.1%)n 6 (9.7%)o 5 (6.7%)p 0.63 

Maternal admission       
• Ward 147 (53.8%) 119 (52.0%) 46 (51.1%) 52 (50.5%) 0.60 
• Medium care 2 (0.7%) 4 (1.7%) 1 (1.1%) 1 (1.0%) 1.00* 
• Intensive care 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) NA 

Neonatal admission      
• Ward 85 (31.1%) 66 (28.8%) 26 (28.9%) 30 (29.1%) 0.78 
• Medium care 35 (12.8%) 29 (12.7%) 13 (14.4%) 16 (15.5%) 0.43 
• Intensive care 8 (2.9%) 13 (5.7%) 6 (6.7%) 6 (5.8%) 0.26 

Neonatal death (<28 days 
postpartum) 

0 (0%) 1 (0.4%) 0 (0.0%) 0 (0%) 1.00* 

Table 1. Baseline demographics and clinical characteristics  a9% (25 of 273 women) missing, b4% (10 of 229 
women) missing, c7.8% (7 of 90 women) missing, d8.7%  (9 of 103 women) missing, e 33% (89 of 273 women) 
missing, f 35% (81 of 229 women) missing, g 33% (30 of 90 women) missing, h 40% (41 of 103 women) missing, I 
44% (120 of 273 women) missing, J 52% (120 of 229 women) missing. K 31% (28 of 90 women) missing, L 27% (28 
of 103 women) missing, M 44% (120 of 273 women) missing, N  52% (120 of 229 women missing), o31% (28 of 90 
women) missing, p27% (28 of 103 women) missing. #Pelvic instability, social or psychosocial reasons, macrosomia, 
gestational diabetes mellitus with diet, obstetric history. ^ Mann-Whitney U test. * Fisher exact test.  
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Most participating women (96%) stated that the information received before induction about the 
induction of labor process was sufficient. Most information was given by gynecologists (74% of all 
participating women), followed by brochures (18% of all participating women) and midwives (17% of 
all participating women). In the comparison between the oral misoprostol and Foley catheter groups, 
we found no significant difference in what women reported about the duration of labor, pain 
perception and emotions during labor, and the feeling of control compared with what they expected 
(Table 2). The overall satisfaction for the total procedure was also comparable between the groups 
(Table 2). 
 
Question Oral misoprostol (n = 273) Foley catheter (n = 229) P-value 

 Worse than 

expected 

As 

expected 

Better than 

expected 

Worse than 

expected 

As 

expected 

Better than 

expected 

 

What did you think of the duration of 

the labor? 

79 (30.9%) 59 (23.0%) 118(46.1%)a 56 (25.7%) 48 (22.0%) 114 (52.3%)b 0.35 

How did you experience the pain 

during the labor? 

123 (59.7%) 50 (24.3%) 33 (16.0%)c 100 (55.6%) 55 (30.6%) 25 (13.9%)d 0.37 

How did you experience the labor in 

general? 

126 (48.5%) 75 (28.8%) 59 (22.7%)e 91 (42.1%) 59 (27.3%) 66 (30.6%)f 0.14 

Did you panic during the labor? 98 (37.8%) 81 (31.3%) 80 (30.9%)g 81 (38.0%) 57 (26.8%) 75 (35.2%)h 0.48 

Did you feel strong during the labor? 73 (28.3%) 110 (42.6%) 75 (29.1%)i 52 (23.7%) 98 (44.7%) 69 (31.5%)j 0.53 

Were you happy during the labor 58 (24.3%) 96 (40.2%) 85 (35.6%)k 33 (16.6%) 90 (45.2%) 76 (38.2%)l 0.14 

Were you calm during the labor? 76 (29.8%) 101 (39.6%) 78 (30.6%)m 57 (26.9%) 82 (38.7%) 73 (34.4%)n 0.64 

Did you feel abandoned during the 

labor? 

18 (7.8%) 59 (25.5%) 154(66.7%)o 10 (5.2%) 52 (27.1%) 130 (67.7%)p 0.56 

Were you afraid during the labor? 69 (27.2%) 91 (35.8%) 94 (37.0%)q 57 (27.1%) 68 (32.4%) 85 (40.5%)r 0.69 

Did you feel as if you had no control 

over the labor? 

46 (18.9%) 117 (48.1%) 80 (32.9%)s 41 (21.5%) 83 (43.5%) 67 (35.1%)t 0.61 

Are you satisfied with the procedure? 81 (32.8%) 123 (49.8%) 43 (17.4%)u 74 (35.2%) 108 (46.8) 28 (13.3%)v 0.48 

Table 2. General satisfaction for the whole induction and delivery procedure.  a6.2% (17 of 273 women) missing, b4.8% (11 of 229 women) 
missing, c24.5% (67 of 273 women) missing, d21.4% (49 of 229 women) missing, e4.8% (13 of 273 women) missing, f5.7% (13 of 229 women) 
missing, g5.1% (14 of 273 women) missing, h7.0%(16 of 229 women) missing, i5.5% (15 of 273 women) missing, j4.4% (10 of 232 women) missing, 
k12.5% (34 of 273 women) missing, l13.1% (30 of 229 women) missing, m6.6% (18 of 273 women) missing, n7.4% (17 of 229 women) missing, o15.4% 
(42 of 273 women) missing, p16.2% (37 of 229 women) missing, q7.0% (19 of 273 women) missing, r8.3% (19 of 229 women) missing, s11.0% (30 of 
273 women) missing, t16.6% (38 of 229 women) missing, u9.5% (26 of 273 women) missing, v8.3% (19 of 229 women) missing 
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The VAS scores for pain during labor were comparable (median of 80 in both groups, p = 0.29). In the 
oral misoprostol group, 16 (6%) of 273 women would prefer the other method for future inductions, 
while in the Foley catheter group, this were 27 (12%) of 229 women (risk ratio: 0.70; 95%CI: 0.55–
0.90; p = 0.02) (Fig 2).  
 

Figure 2. Preference for induction method.  

 
Multivariate analyses showed that the women preferring to switch to the alternative method in 
future pregnancies were not influenced by mode of delivery, time from randomization to delivery, 
the use of analgesics and admission postpartum. There were no differences in responses of women 
between the participating hospitals (data not shown). Seventeen women reported a comment in the 
open text field; two women in the oral misoprostol group reported early contractions and 
hyperstimulation. In the Foley group, four women described a painful placement of the Foley 
catheter and seven women reported the duration of labor to be too long and had expected to give 
birth within a day. 
 
Comment  
To our knowledge, this is the first evaluation that compared women’s experiences and preferences 
with oral misoprostol or a Foley catheter. Most women were satisfied with the information received. 
Experience of the duration of labor, general satisfaction with labor, and feelings of control and fear 
related to expectation, as well as pain perception were comparable in both groups. More women in 
the Foley catheter group (vs. the oral misoprostol group) would prefer an alternative method if 
induction would be required in a future pregnancy. 
This study is not without limitations. Unfortunately, until now there are no validated questionnaires 
on women’s experience and preferences for different methods of cervical ripening for induction of 
labor. Therefore, we adapted a validated questionnaire about expectancy and experience of labor by 
Wijma et al.10,11 This provides the possibility that the questionnaire did not measure what it is 
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supposed to measure. Furthermore, women were asked about or reported their experience of the 
whole procedure, and not only their experience of the cervical ripening. Since completion of a 
questionnaire is difficult during the active phase of labor, and because determination of the active 
phase is not realizable, we assume this to be the best solution. Another limitation of the 
questionnaire is that we did not include the question why women would prefer the other method of 
induction of labor in future pregnancy. Previous reports showed that most relevant domains for 
women’s overall experience of labor are the availability and quality of (emotional) care received 
during labor, worries about the baby’s health and safety, and the experience of duration until the 
first contact with the newborn.12,13 We would advise to include these elements in a future 
questionnaire to achieve a better birth-specific outcome measure.  
Of the women asked to fill out the questionnaire, 72% completed the questionnaire. Only women 
who were able to complete the questionnaire in Dutch could participate in the study and that is 
possibly the reason why more non-Caucasians have not answered the questionnaire or were not 
asked to fill in the questionnaire. Previous papers14–16 suggested that there is a need to improve the 
information provided on the reasons and the procedure of labor induction to reduce unrealistic 
expectations. In our trial, almost all women were satisfied with the information received. The fact 
that the health care providers were aware of the questionnaire might have influenced the outcome 
by giving more information and/or attention to the women.  
More women in the Foley catheter group would prefer induction with the alternative method (oral 
misoprostol) in future pregnancies. Multivariate analysis showed that other factors such as mode of 
delivery, time to delivery, the use of analgesics, and admission postpartum had no influence on the 
outcome for the wish to switch between Foley catheter and oral misoprostol in future pregnancy if 
induction would be necessary. Furthermore, only two women had experience with induction of 
previous pregnancies; therefore, this had no influence on the overall results. Taken together, other 
factors should be at hand. An explanation for the difference could be that women experienced 
discomfort or pain during the placement or after insertion of the Foley catheter, as was described 
several times in the answers of the open text field. Jonsson et al17 showed that women could 
experience placement of the Foley catheter past the internal os of the cervix as painful. Furthermore, 
they address digital placement of the Foley catheter as less painful than insertion with the use of a 
speculum. Both methods were used in this study, but unfortunately the used method was not 
recorded. In one study comparing Foley catheter to 25-µg vaginal misoprostol, 104 women were 
asked postpartum about their discomfort level regarding the induction method on a VAS. Five (10%) 
of the women reported discomfort during Foley placement versus none of the women receiving 
vaginal misoprostol.15 Another study performed a structured interviewer-administered questionnaire 
after the cervical ripening process on 90 women and found that significantly more women felt 
discomfort during cervical ripening with the Foley catheter compared with vaginal misoprostol (93 vs. 
62%; p < 0.001). They did not find differences in the likelihood to choose the same method of cervical 
ripening for possible future inductions (91 vs. 100%; p = 0.08).18 Another explanation could be that 
more vaginal examinations were performed in the oral misoprostol group (mean: 8.1 vs. 6.8), 
thereby creating more contact moments with the attending physician that could lead to more 
satisfaction with the induction experience instead of the previously assumed disadvantage of vaginal 
examinations. Different cultural perceptions of induction of labor might influence the preference for 
an induction method. Therefore, further research is needed to generalize these results to other 
countries or ethnicity groups.  
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All women were admitted to a hospital for the ripening process during the study period. In several 
countries nowadays, low-risk pregnancies go home after receiving a Foley catheter for induction of 
labor. Women’s satisfaction and experiences with home induction would thereby be a very 
interesting perspective for further research. 
In conclusion, induction of labor in women with an unfavorable cervix at term with oral misoprostol 
as compared with induction with Foley catheter generates comparable experiences. However, 
induction of labor with oral misoprostol seems to be the preferred method of induction for women 
because in the Foley catheter group, more women would prefer oral misoprostol in future 
inductions. 
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Appendix 1.  

Questionnaire satisfaction of the treatment
 

Initials: Surname: 

Date of birth: Birthplace, -country: 

Do you feel like you have received sufficient information about the induction of 
labor?

Yes No

 

If the above answer is ‘No’, which additional information could have been useful to you?  

How were you provided with the most valuable information? 

     Through my general practitioner      Through my gynecologist      Via brochures

     Through family/friends      Via the media (e.g., internet)      Something else: . . . . . . 

After the induction process, did you feel like the alternative procedure of 
induction of labour would have been better for you?

     Yes      Don’t know      No

How did you experience pain during the delivery?
Please rate your pain experience from 1 (hardly any pain) to 10 (extreme pain):  

1          2           3           4           5           6           7           8           9         10
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Please indicate your personal experience of the matter in the left column, by 
circling the response that is closest to how you feel about it:

1.1.1 Question 

1.2  

Much 
worse 
than 
expected 

Worse 
than 
expected 

As 
expected 

Better 
than 
expected 

Much 
better 
than 
expected 

Don’t 
know 

What did you think of the 
duration of the labor?? 

1 2 3 4 5  

How did you experience the 
pain during the labor? 

1 2 3 4 5  

How did you experience the 
labor in general? 1 2 3 4 5  

Did you panic during the labor? 1 2 3 4 5  

Did you feel strong during the 
labor 1 2 3 4 5  

Were you happy during the 
labor? 

1 2 3 4 5  

Were you calm during the 
labor? 

1 2 3 4 5  

Did you feel abandoned or 
alone during the labor? 

1 2 3 4 5  

Were you afraid during the 
labor? 

1 2 3 4 5  

Did you feel as if you had no 
control over the labor? 

1 2 3 4 5  

Are you satisfied with the 
procedure? 

1 2 3 4 5  

Do you have any additional comments or questions? 

Thank you for filling out this questionnaire.  
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Abstract  
  
Importance	  
Induction	  of	  labor	  is	  a	  widely	  used	  obstetric	  intervention,	  occurring	  in	  one	  in	  four	  pregnancies.	  When	  

the	  cervix	  is	  unfavorable,	  still	  many	  different	  induction	  methods	  are	  used.	  	  
	  

Objective	  
We	  compared	  Foley	  catheter	  alone	  to	  different	  misoprostol	  dosages	  and	  administration	  routes,	  and	  
the	  combination	  of	  Foley	  catheter	  with	  misoprostol.	  	  

	  

Evidence  acquisition	  
We	   reviewed	   the	   literature	   to	   evaluate	   the	   best	   induction	   method	   regarding	   safety	   and	  

effectiveness,	  using	  the	  outcome	  measures	  hyperstimulation,	  fetal	  distress,	  neonatal	  morbidity	  and	  
mortality	   as	  well	   as	   caesarean	   section,	   vaginal	   instrumental	   delivery,	   and	  maternal	  morbidity.	  We	  
searched	  Pubmed,	   Cochrane	   and	  Web	  of	   Science	   from	   January	   1st	   1980	   to	   February	   12th	   2016.	   22	  

randomized	  controlled	  trials	  were	  included,	  comparing	  Foley	  catheter	  with	  or	  without	  misoprostol	  to	  
misoprostol	  alone	  (both	  vaginal	  and	  oral)	  for	  induction	  of	  labor	  (5,015	  women).	  	  
	  

Results  
Most	  included	  studies	  were	  underpowered	  to	  detect	  differences	  in	  safety	  outcomes,	  as	  the	  majority	  
was	  powered	  for	  time	  to	  delivery	  or	  caesarean	  section.	  Meta-‐analysis	  of	  these	  studies	  does	  not	  allow	  

assessment	   of	   the	   safety	   profile	   of	   Foley	   catheter	   compared	   to	   misoprostol	   (any	   dose,	   any	  
administration	   route)	   with	   sufficient	   power.	   For	   the	   safety	   outcomes	   of	   the	   total	   group	   of	   Foley	  
catheter	  versus	  misoprostol	  (any	  dose,	  any	  administration	  route)(17	  studies,	  4,234	  women)	  we	  found	  

that	  Foley	  catheter	  results	  in	  less	  hyperstimulation	  compared	  to	  misoprostol	  (2%	  versus	  4%,	  RR	  0.54,	  
95%CI	  0.37-‐0.79)	  and	  fewer	  caesarean	  sections	  for	  non-‐reassuring	  fetal	  heart	  rate	  5%	  versus	  7%,	  RR	  
0.72	  95%CI	  0.55-‐0.95),	  while	  there	  were	  no	  statistically	  significant	  differences	  in	  neonatal	  outcomes.	  

The	   total	   rate	   of	   caesarean	   sections	  was	   26%	   versus	   22%	   (RR	   1.16,	   95%CI	   1.00-‐1.34).	   There	  were	  
fewer	   vaginal	   instrumental	   deliveries	   with	   a	   Foley	   catheter	   compared	   to	  misoprostol	   (10%	   versus	  
14%,	  RR	  0.74,	  95%CI	  0.60-‐0.91).	  Foley	  catheter	  with	  misoprostol	  compared	  to	  misoprostol	  alone	  (any	  

dose,	   any	   administration	   route)(7	   studies,	   1073	   women)	   resulted	   in	   less	   hyperstimulation	   then	  
misoprostol	   alone	   (17%	   versus	   23%,	   RR	   0.71,	   95%CI	   0.52-‐0.97).	   Caesarean	   sections	   for	   non-‐
reassuring	   fetal	   heart	   rate	   were	   comparable	   (7%	   versus	   9%,	   RR	   0.79,	   95%CI	   0.51-‐1.22).	   Neonatal	  

outcomes	  were	  infrequently	  reported.	  The	  total	  number	  of	  caesarean	  sections	  was	  34%	  versus	  34%	  
(RR	  1.01,	  95%CI	  0.86-‐1.19).	  	  
	  

Conclusion  
In	  women	  with	  an	  unripe	  cervix	  at	   term,	  Foley	  catheter	  seems	  to	  have	  a	  better	  safety	  profile	   than	  
misoprostol	  (any	  dose,	  any	  administration	  route)	  for	  induction	  of	  labor.	  Larger	  studies	  are	  needed	  to	  

investigate	   the	   safety	   profile	   of	   a	   Foley	   catheter	   compared	   to	   separate	   dosing	   and	   administration	  
regimens	  of	  misoprostol.	  	  
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Introduction	  
	  
Labor	   induction	   is	  one	  of	   the	  most	   commonly	  practiced	  procedures	  occurring	   in	  about	  one	   in	   four	  
pregnancies	  in	  high	  resource	  settings	  and	  one	  in	  ten	  in	  low	  resource	  settings	  [1].	  Common	  indications	  
for	   induction	   of	   labor	   are	   post-‐term	   pregnancy,	   hypertensive	   disorders,	   pre-‐labor	   rupture	   of	  
membranes,	   diabetes	   in	   pregnancy,	   suspected	   intrauterine	   growth	   retardation,	   macrosomia,	   and	  
elective	  reasons	  [2;3].	  Labor	  can	  be	  induced	  mechanically	  or	  pharmacologically.	  The	  first	  description	  
of	   mechanical	   induction	   methods	   dates	   from	   the	   time	   of	   Hippocrates,	   who	   suggested	   cervical	  
dilatation	  by	   inserting	  tree	  branches	   into	  the	  vagina	  [4].	  The	  use	  of	  a	  balloon	  catheter	  as	   induction	  
method	  was	  first	  described	   in	  1862	  by	  Tarnier	  [5].	  The	  goal	  of	   the	  catheter	  was	  to	  ripen	  the	  cervix	  
through	  direct	  mechanical	  dilatation	  of	   the	   cervical	   canal,	   and	   indirectly	  by	   increasing	  endogenous	  
prostaglandin	  secretion	  [6;7].	  Prostaglandins	  are	  the	  key	  players	  in	  cervical	  ripening	  process	  and	  are	  
able	   to	   induce	   myometrial	   contractions	   [8].	   Alternatively,	   in	   an	   attempt	   to	   ripen	   the	   cervix,	  
prostaglandins	  can	  be	  administered	  directly	  in	  different	  dosage	  and	  administration	  regimens.	  During	  
recent	  decades,	  prostaglandin	  preparations	  –in	  a	  wide	  variety	  of	  dosing	  and	  administration	  regimes-‐	  
have	   replaced	   the	   Foley	   catheter	   as	   induction	   agent	   of	   first	   choice,	   partly	   driven	   by	   commercial	  
motives.	  This	  was	  done	  without	  sufficiently	  powered	  studies	  that	  assessed	  safety	  and	  effectivenessA	  
recently	   published	  network	  meta-‐analysis	   showed	   that,	   from	  all	   prostaglandins,	   low	  dose	   (<50	  μg)	  
titrated	  oral	  misoprostol	   solution	  has	   the	   lowest	   probability	   of	   caesarean	   section,	  whereas	   vaginal	  
misoprostol	  (≥50	  μg)	  has	  the	  highest	  probability	  of	  achieving	  a	  vaginal	  delivery	  within	  24	  hours	   [9].	  
Another	   recently	   published	   network	   meta-‐analysis	   reporting	   on	   Foley	   catheter,	   oral	   and	   vaginal	  
misoprostol,	  and	  vaginal	  and	  intracervical	  dinoprostone	  showed	  that	  Foley	  catheter	  is	  the	  least	  likely	  
to	   cause	   uterine	   hyperstimulation,	   whereas	   oral	   misoprostol	   had	   the	   lowest	   rate	   of	   caesarean	  
section	  and	  vaginal	  misoprostol	  was	  the	  most	  likely	  to	  achieve	  vaginal	  delivery	  within	  24	  hours	  [10].	  	  
Although	  numerous	  studies	  have	  been	  conducted	  to	  compare	  Foley	  catheter	  to	  different	  misoprostol	  
preparations,	  definite	  answers	  have	  not	  been	  given	  because	  these	  studies	  were	  underpowered.	  Most	  
studies	   focused	   on	   time	   to	   and	   mode	   of	   delivery.	   Safety,	   however,	   i.e.	   the	   capacity	   to	   prevent	  
asphyxia	   and	   postpartum	   hemorrhage,	   is	   indisputably	   more	   important	   than	   a	   fast	   delivery,	   and	  
possibly	  also	  mode	  of	  delivery.	  One	  could	  hypothesize	  that	  chemical	  methods	  (prostaglandins)	  result	  
in	  more	  uterine	  contractility	  due	  the	  administration	  of	  exogenous	  prostaglandins	  in	  combination	  with	  
endogenous	   release,	   thus	   increasing	   the	   chance	   of	   fetal	   distress	   and	   postpartum	   hemorrhage.	   As	  
fetal	   distress	   is	   not	   a	  well-‐documented	  outcome	  and	  many	  different	   definitions	   are	   used,	   our	   aim	  
was	   to	   investigate	   outcomes	   that	   could	   reflect	   actions	   taken	   for	   fetal	   distress,	   such	   as	   caesarean	  
section	  and	   instrumental	  delivery	  for	  fetal	  distress.	  Other	  outcomes	  that	  could	  reflect	   fetal	  distress	  
are	   hyperstimulation	   with	   fetal	   heart	   rate	   (FHR)	   changes,	   meconium	   stained	   liquor	   and	   neonatal	  
outcomes	   such	   as	   low	   Apgar	   score	   at	   5	   minutes,	   arterial	   umbilical	   cord	   pH	   <7.05,	   and	   neonatal	  
morbidity	   and	  mortality.	   Thus,	   the	   goal	   of	   this	   review	  was	   to	   assess	   the	   safety	   and	   effectiveness	  
profile	  of	  the	  Foley	  catheter	  for	  cervical	  ripening	  compared	  with	  different	  dosage	  and	  administration	  
regimes	  of	  misoprostol.	  	  
	  

Methods	  	  	  
	  
In	   this	   review,	   we	   included	   randomized	   controlled	   clinical	   trials	   comparing	   Foley	   catheter	   with	  
misoprostol	   (any	   dose,	   any	   administration	   route)	   for	   labor	   induction,	   or	   Foley	   catheter	   and	  
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misoprostol versus misoprostol. We included only those studies that reported on pregnant women 
who were scheduled for third trimester induction of labor, with an unfavorable cervix, a viable fetus 
in cephalic presentation and no prior caesarean section. 
We searched the Cochrane Library, Pubmed, Embase, and Web of Science (from January 1st 1980 till 
February 12th 2016). Using the following search terms: (balloon dilatation/ OR mechanical methods 
OR mechanical method OR mechanical dilation OR mechanical dilatation OR mechanical dilations OR 
mechanical dilatations OR balloon OR Foley) AND (prostaglandin E1 OR misoprostol/ OR PGE1 OR 
PGE-1 OR misoprostol OR prostaglandin E1/ OR Prostaglandin E1alpha OR PGE1alpha OR 
Prostaglandin E1 OR Lipo-PGE1 OR Lipo OR PGE1). The two previous meta-analyses were cross-
checked for missing references. All misoprostol administration routes (oral, vaginal, sublingual or 
rectal), and all different Foley catheter sizes and fillings were eligible for inclusion. Crossover studies 
were excluded.  
Main outcomes for safety were hyperstimulation (>5  contractions/10 min  over a minimal period of 
two times ten minutes with FHR changes (defined as a non-reassuring CTG by treating physician)), 
meconium stained liquor, caesarean section for non-reassuring FHR, vaginal instrumental delivery for 
non-reassuring FHR, postpartum hemorrhage (defined as >1L blood loss within 24 hours 
postpartum), arterial umbilical cord pH <7.05, Apgar score <7, neonatal intensive care admission and 
neonatal mortality. Main outcomes for effectiveness of induction of labor were total caesarean 
section rate, caesarean section for failure to progress first stage and total vaginal instrumental 
deliveries. While we sought all the above outcomes, only those which displayed extractable data 
appear in the analysis tables. 
Two authors (MtE and KM) independently assessed all potential studies identified by the literature 
search for inclusion. These authors extracted data using pre-specified extraction sheets made for this 
review. Data were checked for accuracy and entered into review manager software (RevMan 5.3, 
Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014) [11]. When 
information was insufficient or unclear, authors of the original articles were contacted to provide 
further information. The same two authors independently assessed risk of bias for each study using 
the criteria outlined in the Cochrane Handbook for Systematic Reviews of Interventions [12]. 
Disagreement was resolved by consensus. 
All statistical analyses were also performed in review manager software (RevMan 5.3, Copenhagen: 
The Nordic Cochrane Centre, The Cochrane Collaboration, 2014.). For dichotomous data, results are 
presented as summary risk ratio (RR) with 95% confidence intervals (CI). For the continuous data, 
results are presented as Mean Difference with 95% CI. Forest plots were constructed with p < 0.05 
indicating statistical significance.  Data heterogeneity in each meta-analysis was assessed by the I² 
and Chi² statistics. Heterogeneity was regarded as substantial if I² was greater than 30% or if the Chi² 
P-value was low (less than 0.10).  If there was significant data heterogeneity, the random effects 
model was used; otherwise, the fixed-effect model was applied. When ten or more articles reported 
on an outcome measure, publication bias was controlled by visual inspection of funnel plots. 
Conversely, an asymmetrical and skewed shape indicated the presence of bias. Where substantial 
heterogeneity was noticed we performed a sensitivity analysis. We performed sensitivity analyses for 
the outcomes excluding studies with a high risk of bias stated as two or more unclear or high risk 
indications.  
Subgroup analyses were performedin the following groups: Foley catheter versus 25 µg vaginal 
misoprostol, Foley catheter versus 50 µg vaginal misoprostol, Foley catheter versus 50 µg oral 
misoprostol, Foley catheter and 25 µg vaginal misoprostol versus 25 µg vaginal misoprostol. 
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Results   
 
Our search resulted in 1286 articles; 266 in PubMed, 572 in Embase, 203 in Web of Science and 245 
in the Cochrane Library. After removal of duplicates we assessed 919 articles on title and abstract, of 
which 840 did not investigate third trimester induction of labor with a viable fetus (N=809) or 
investigated other induction methods than Foley catheter or misoprostol (N=31). Of the remaining 79 
articles that were assessed full text, another 57 were excluded: 20 articles were no randomized 
controlled trials, seven did not mention relevant outcome measures (even after consulting the 
investigator for more detailed information), 15 did not meet inclusion criteria (12 because of no 
comparison between Foley catheter and misoprostol, one included women with a previous cesarean 
section, two included women with intra uterine fetal demise), four were cross over trials and ten 
were duplicates. Therefore, 22 articles (reporting on 5,015 women) were included in this review 
(figure 1). Risk of bias per included study is summarized in appendix 1, table S1 and characteristics of 
all studies and reasons for risk of bias is given in appendix 1.  
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Comparison I: Foley catheter versus misoprostol, all dosages and administration routes 
In this comparison, 17 studies (including a total of 4,234 women), with sample sizes ranging from 60 
to 1,845 women [13-29]: 13 studies compared Foley catheter to 25 µg vaginal misoprostol [13-15;17-
21;23-25;27;28], three studies compared Foley catheter to 50 µg vaginal misoprostol [16;22;26], and 
one study compared Foley catheter to 50 µg oral misoprostol [29]. Two studies included patients 
with intact and ruptured membranes [17;24], while 15 studies included only patients with intact 
membranes [13-16; 18-23; 24-29]. The maximum duration of the cervical ripening phase was 12 

Figure 1. Flow chart. * 15 articles did not meet inclusion criteria, 12 because of no comparison between Foley catheter and misoprostol, 1 

included women with a previous cesarean section, 2 included women with intra uterine fetal demise.

203 records 
identified by 

Cochrane Library

245 records 
identified by 

PubMed

572 records 
identified by 

Embase

266 records 
identified by Web 

of Sience

1286 records 
found

367 records removed because of 
duplication

919 records 

screened 

79 full text articles 
assessed

22 studies 

included in review

840 records excluded after 
screening title and abstract

57 full text articles excluded:
• 20 were not randomized 

controlled trials
• 7 did not include relevant 

outcome measures
• 4 crossover trials
• 10 were duplicates
• 1 study protocol
• 15* did not meet inclusion 

criteria



121

7

hours in two studies [17;19], 24 hours in 11 studies [13-16;20-22;24-27], 48 hours in two studies 
[23;28], and 96 hours in two studies [18;29] (appendix 1). 
Hyperstimulation (i.e. more than 3 contractions per 10 minutes with FHR changes) was documented 
in 12 studies (3,591 women), and occurred in 2.1% (37 cases) in the Foley catheter group compared 
to 3.9% (71 cases) in the misoprostol group (RR 0.54, 95%CI 0.37-0.79, table 1, figure 2A). Presence of 
meconium stained liquor was reported in 10 studies (3,387 women), and did not differ significantly 
between Foley induction and misoprostol (11.3% versus 13.0%, RR 0.86, 95%CI 0.72-1.03). A 
caesarean section due to non-reassuring FHR was reported in 9 studies (3,269 women) and was 
performed less often in the Foley catheter group (81 women, 5%) than in the misoprostol group (112 
women, 7%) (RR 0.72 95%CI 0.55-0.95) (table 1, figure 2B). Vaginal instrumental delivery for non-
reassuring FHR was reported in three studies with 2,362 women (5% versus 6%, RR 0.77, 95%CI 0.55-
1.06, (table 1)). NICU admission was reported in 11 studies (3,370 women), and did not differ 
between the two groups (3.7% versus 3.9%, RR 0.99, 95%CI 0.71-1.38) (table 1). Other neonatal 
outcomes such as arterial pH and neonatal mortality were reported infrequently (table 1).  
Total caesarean section rates were 25.6% (539 of 2106 women) in the Foley catheter group and 
22.0% (469 of 2128 women) in the misoprostol group (RR 1.16, 95%CI 1.00-1.34, random effects, I2 
35%) (table 1, figure 2C). Funnel plot of the included studies showed asymmetry indicating possible 
risk of bias (figure 3). Sensitivity analysis for studies with a low risk of bias (9 studies, 3181 women) 
showed a comparable result (373 of 1594 women (23.4%) in the Foley catheter group versus 322 of 
1587 women (20.3%) in the oral misoprostol group, RR 1.15, 95%CI 1.01-1.31, fixed effects, I2 0%). 
Failure to progress as reason for caesarean section was reported in 8 studies (3,090 women) and did 
not differ significantly (11% versus 8%, RR1.29, 95% CI 0.88-1.90, table 1, figure 2B). There were 
fewer vaginal instrumental deliveries in the Foley catheter group (10.0% versus 13.6%, RR 0.74, 
95%CI 0.60-0.91, 7 studies, 2789 women (table 1)). 
 
Comparison IA: Subgroup Foley catheter versus 25 µg vaginal misoprostol  
Foley catheter was compared to 25 µg vaginal misoprostol in 13 studies (1,928 women), with sample 
sizes ranging from 60 to 397 women [13-15;17-21;23-25;27;28]. In 11 studies the women had intact 
membranes [13-15;18-20;20;21;23;25;27;28] while two studies included both women with ruptured 
and intact membranes [17;24]. The maximum duration of the cervical ripening phase was 12 hours in 
two studies [17;19], 24 hours in eight studies [13-15;20;21;24;25;27], 48 hours in two studies [23;28], 
and 96 hours in one study [18] (appendix 1). 
In the Foley catheter group there was less uterine hyperstimulation (14 women (2.0%) versus 38 
women (5.4%), RR 0.40, 95%CI 0.23-0.70, 9 studies, 1,426 women)(table 1). Caesarean section rates 
for non-reassuring FHR were separately reported in 5 studies (993 women) (7% versus 9%, RR 0.75, 
95%CI 0.50-1.14). Vaginal instrumental delivery for a non-reassuring FHR was documented in 2 
studies (517 women) and was performed in 9% in the Foley group compared to 13% in the 
misoprostol group (RR 0.72, 95%CI 0.44-1.20)(table 1). Postpartum hemorrhage occurred in 5.1% of 
the women in the Foley catheter group versus 2.7% of the women in the misoprostol group, RR 1.90, 
95%CI 0.64-5.61, two studies, 360 women). Neonatal morbidity and mortality were infrequently 
reported (table 1). 
All studies reported on caesarean section rate. We found no difference between the two groups in 
total caesarean section rates (31% versus 27% RR 1.21, 95%CI 0.98-1.49; random-effects I2 
47%)(table 1). Funnel plot showed a possible bias in outcome. When excluding studies with a high 
risk of bias the outcome remained comparable, RR 1.08, 95%CI 0.90-1.31, fixed-effects I2 18%, 6 
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studies 1016 women. Caesarean for failure to progress was reported in seven studies (1125 women) 
(12% versus 11%, RR 1.21, 95%CI 0.74-1.98, random effects I2 41%) (table 1). Rates for vaginal 
instrumental deliver were reported in five studies (824 women) and occurred in 11.8% in the Foley 
catheter group compared to 14.9% in the misoprostol group, RR 0.80, 95%CI 0.56-1.13.  
 

Studies Women Foley catheter Misoprostol
Events Total Events Total RR, 95% CI

Comparison I Foley versus misoprostol (ALL).
Safety outcomes
Hyperstimulation with FHR 
changes

12 3591 37 1786 71 1805 0.54 [0.37-0.79]

Meconium stained liquor 10 3387 191 1694 221 1693 0.86 [0.72-1.03]
Caesarean section for non-
reassuring FHR  

9 3270 81 1635 112 1634 0.72 [0.55-0.95]

Vaginal instrumental delivery for 
non-reassuring FHR

3 2362 58 1175 77 1187 0.77 [0.55-1.06]

Postpartum haemorrhage 4 2325 94 1158 89 1167 1.06 [0.81-1.40]
Arterial pH <7.05 1 1845 16 921 22 924 0.73 [0.39-1.38]
Apgar score <7 at 5 minutes 8 2875 28 1422 28 1453 1.03 [0.62-1.69]
NICU admission 11 3370 66 1673 66 1697 0.99 [0.71-1.38]
Neonatal mortality 2 2045 3 1021 1 1024 3.01 [0.31-28.88]
Effectiveness outcomes
Caesarean section rate 17 4234 539 2106 469 2128 1.16 [1.00-1.34]*
Caesarean section for failure to 
progress 1st stage

8 3090 171 1545 124 1545 1.29 [0.88-1.90]

Vaginal instrumental delivery 7 2789 139 1389 190 1400 0.74 [0.60-0.91]
Comparison IA Subgroup Foley versus 25 µg vaginal misoprostol
Safety outcomes
Hyperstimulation with FHR 
changes

9 1426 14 705 38 721 0.40 [0.23-0.70]

Meconium stained liquor 6 1111 67 555 87 556 0.77 [0.58-1.03]
Caesarean section for non-
reassuring FHR  

5 993 35
  

496 47 497 0.75 [0.50-1.14]

Vaginal instrumental delivery for 
non-reassuring FHR

2 517 23 254 33 263 0.72 [0.44-1.20]

Postpartum haemorrhage 2 360 9 177 5 183 1.90 [0.64-5.61]
Apgar score <7 at 5 minutes 5 680 6 341 5 339 1.15 [0.42-3.17]*
NICU admission 8 1175 31 592 29 583 1.02 [ 0.63-1.65]
Neonatal mortality 2 221 0 103 0 118 NA
Effectiveness outcomes
Caesarean section rate 13 1928 302 967 258 961 1.21 [0.98-1.49]*
Caesarean section for failure to 
progress 1st stage

7 1261 67 564 61 561 1.21 [0.74-1.98]*

Vaginal instrumental delivery 5 824 48 408 62 416 0.80 [0.56-1.13]
Comparison IB: Subgroup Foley versus 50 µg vaginal misoprostol
Safety outcomes
Hyperstimulation with FHR 
changes

3 320 2 160 7 160 0.33 [0.08-1.36]

Meconium stained liquor 3 431 16 218 24 213 0.67 [0.27-1.62]*
Caesarean section for non-
reassuring FHR  

3 431 19 218 29 213 0.63 [0.37-1.09]

Postpartum haemorrhage 1 120 3 60 5 60 0.60 [0.15-2.40]
Apgar score <7 at 5 minutes 3 320 7 160 5 160 1.00 [0.10-10.20]*
NICU admission 2 320 11 160 11 160 1.00 [0.45-2.22]
Neonatal mortality 1 200 0 100 0 100 NA
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Effectiveness outcomes
Caesarean section rate 3 431 52 218 48 213 1.05 [0.75-1.47]
Caesarean section for failure to 
progress 1st stage

1 120 6 60 6 60 1.00 [0.34-2.93]

Vaginal instrumental delivery 1 120 3 60 3 60 1.00 [0.21-4.76]
Comparison IC: Subgroup Foley versus 50 µg oral misoprostol
Safety outcomes
Hyperstimulation with FHR 
changes

1 1845 22 921 26 924 0.85 [0.48-1.49]

Meconium stained liquor 1 1845 108 921 110 924 0.99 [0.77-1.26]
Caesarean section for non-
reassuring FHR  

1 1845 27 921 36 924 0.75 [0.46-1.23]

Vaginal instrumental delivery for 
non-reassuring FHR

1 1845 35 921 44 924 0.80 [0.52-1.23]

Postpartum haemorrhage 1 1845 82 921 79 924 1.04 [0.78-1.40]
Arterial pH <7.05 1 1845 16 921 22 924 0.73 [0.39-1.38]
Apgar score <7 at 5 minutes 1 1845 15 921 17 924 0.89 [0.44-1.76]
NICU admission 1 1845 24 921 25 924 0.96 [0.55-1.67]
Neonatal mortality 1 1845 3 921 1 924 3.01 [0.31-28.88]
Effectiveness outcomes
Caesarean section rate 1 1845 185 921 155 924 1.20 [0.99-1.45]
Caesarean section for failure to 
progress 1st stage

1 1845 98 921 57 924 1.72 [1.26-2.36]

Vaginal instrumental delivery 1 1845 88 921 125 924 0.71 [0.55-0.91]
Table 1. Foley catheter versus misoprostol. RR = risk ratio with 95% confidence intervals. 
 
Comparison 1B Subgroup Foley catheter versus 50 µg vaginal misoprostol  
In this analysis 3 studies were included ( 431 women), with sample sizes ranging from 106 to 200 
women [16;22;26]. In all studies women had intact membranes. All three studies had a maximum 
cervical ripening phase of 24 hours, in two studies oxytocin was started after 24 hours and in one 
study [16] a caesarean section was performed after 24 hours if membranes could not be ruptured 
(appendix 1).  
Hyperstimulation with FHR changes occurred in 1.3% of all women in the Foley catheter group 
compared to 4.4% of all women in the misoprostol group (three studies, 320 women, RR 0.33, 95%CI 
0.08-1.36). Caesarean sections due to non-reassuring FHR occurred 9% in the Foley catheter group 
compared to 14% in the oral misoprostol group (RR 0.63, 95%CI 0.37-1.09, three studies, 431 
women)(table 1). 
Total caesarean section rates were 23.9%  (52 women) in the Foley catheter group compared to 23% 
(48 women) in the misoprostol group (RR 1.05, 95%CI 0.75-1.47)(table 1). Caesarean section for 
failure to progress was reported in one study with 120 women and occurred in 10% in both groups 
(1.00, 95%CI 0.34-2.93).   
 
Comparison IC: Subgroup Foley catheter versus 50 µg oral misoprostol  
We detected one study on this topic, with a total of 1,845 women [29]. All women had intact 
membranes, and the maximum cervical ripening phase was 96 hours. Hyperstimulation occurred in 
2.4% of all women in the Foley catheter group compared to 2.8% of all women in the misoprostol 
group (RR 0.85, 95%CI 0.48-1.5). Caesarean Sections due to non-reassuring FHR occurred 2.9% in the 
Foley catheter group compared to 3.9% in the oral misoprostol group (RR 0.75, 95%CI 0.46-1.2)(table 
1). Total caesarean section rates were 20.1% (185 women) in the Foley catheter group compared to 
16.8% (155 women) in the misoprostol group (RR 1.20, 95%CI 0.99-1.45)(table 1).  
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Figure 2. Comparison 1.0 Foley versus misoprostol (ALL). Forrest plot hyperstimulation (top). Forrest plot caesarean 

section rate for non-reassuring fetal heart rate (middle). Forrest plot for caesarean section rate (bottom). 
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Figure 3. Comparison I: Foley versus misoprostol (ALL). Funnel plot caesarean section 

Comparison II: Foley catheter and misoprostol versus misoprostol alone, all studies.  
In total there were 7 studies comparing Foley catheter and misoprostol versus misoprostol alone 
(total of 1,073 women, sample sizes ranging from 81 to 232 women) [14;20;30-34]. Five studies, 
compared 25 µg vaginal misoprostol with the concurrent use of a Foley catheter to 25 µg vaginal 
misoprostol alone [14;20;31;33;34]. One study compared Foley catheter with concurrent use of 100 
µg oral misoprostol to 50 µg vaginal misoprostol [32]. One study compared Foley catheter with 
concurrent use of 100 µg oral misoprostol to 100 µg oral misoprostol alone [30]. Six studies included 
only women with intact membranes [14;20;30-33], while this aspect was unknown in one study [34]. 
One study had a maximum cervical ripening phase of maximum 48 hours [33], four a maximum of 24 
hours [14;20;30;32] and one a maximum of 12 hours [34]. In one study the length of the ripening 
phase was not mentioned [31] (appendix 1).  
In the combination group there was less uterine hyperstimulation (16.6% versus 23.3%, four studies, 
666 women, RR 0.71, 95%CI 0.52-0.97)(table 2). Reason for caesarean section rates were reported in 
three studies (439 women) for non-reassuring FHR (14% versus 18% of all caesareans performed, RR 
0.79, 95%CI 0.56-1.11). Neonatal outcomes such as Apgar score <7 at 5 minutes, a. umbilical cord pH 
<7.05, and neonatal mortality were not reported. 
Total caesarean section rates were 34% versus 34% (seven studies, 1073 women, RR 1.01, 95%CI 
0.86-1.19) (table 2). Four studies (508 women) reported on caesarean section for failure to progress 
(17% versus 13% RR 1.27, 95%CI 0.88-1.81)(table 2). Rates for vaginal instrumental deliver were 
reported in two studies (218 women) and occurred in 17.0% in the combination group compared to 
12.5% in the misoprostol group, RR 1.33, 95%CI 0.70-2.51.  
 
Comparison IIA: Subgroup Foley catheter and 25 µg vaginal misoprostol versus 25 µg vaginal 
misoprostol 
Five studies, with a total of 616 women, compared 25 µg vaginal misoprostol with the concurrent use 
of a Foley catheter to 25 µg vaginal misoprostol alone [14;20;31;33;34]. Four studies included 
women with only intact membranes [14;20;31;33], one was unknown [34]. One had a maximum 
cervical ripening phase of maximum 48 hours [33], two of 24 hours [14;20] and one of 12 hours [34]. 
In one study it was not mentioned how long the maximum ripening phase was [31] (appendix 1).  

124



126

Hyperstimulation was reported in 2 studies (209 women) and occurred in 17% in the combination 
group versus 25% in the misoprostol group (RR 0.68, 95%CI 0.39-1.16). Caesarean section because of 
non-reassuring FHR occurred in 10% versus 12%, RR 0.83 95%CI 0.38-1.83 (2 studies, 207 women). 
NICU admission was reported in three studies including 335 women (4% versus 7%, RR 0.63, 95%CI 
0.26-1.53). Total caesarean section rate was 33.7% versus 34.2%, RR 0.98, 95%CI 0.79-1.23 (table 2). 
Caesarean section because of failure to progress in first stage was 13% versus 12%, RR 1.15 95%CI 
0.57-2.33 (2 studies, 207 women, table 2). Reason for vaginal instrumental delivery, Apgar score <7 
at 5 minutes and a. umbilical cord pH <7.05 were not reported.  
 
 

Studies Women Foley catheter 
and misoprostol

Misoprostol

Events Total Events Total RR, 95% CI
Comparison II Foley and misoprostol versus misoprostol, all studies.
Safety outcomes
Hyperstimulation with FHR 
changes

4 666 52 314 82 352 0.71 [0.52-0.97]

Meconium stained liquor 5 792 32 377 58 415 0.63 [0.38-1.04]
Caesarean section for non-
reassuring FHR  

3 439 29 210 41 229 0.79 [0.51-1.22]

Postpartum haemorrhage 1 117 2 56 5 61 0.44 [0.09-2.16]
NICU admission 4 567 32 268 44 299 0.84 [0.56-1.26]
Effectiveness outcomes
Caesarean section rate 7 1073 176 518 187 555 1.01 [0.86-1.19]
Caesarean section for failure to 
progress 1st stage

4 508 54 319 46 345 1.27 [0.88-1.81]

Vaginal instrumental delivery 2 218 18 106 14 112 1.33 [0.70-2.51]
Comparison IIA Subgroup Foley and 25 µg vaginal misoprostol versus 25 µg vaginal misoprostol.
Safety outcomes
Hyperstimulation with FHR 
changes

2 209 17 99 28 110 0.68 [0.39-1.16]

Meconium stained liquor 3 335 19 162 39 173 0.55 [0.24-1.26]
Caesarean section for non-
reassuring FHR  

2 207 10 104 12 103 0.83 [0.38-1.83]

Postpartum haemorrhage 1 117 2 56 5 61 0.44 [0.09-2.16]
NICU admission 3 335 7 162 12 173 0.63 [0.26-1.53]
Effectiveness outcomes
Caesarean section rate 5 616 102 303 107 313 0.98 [0.79-1.23]
Caesarean section for failure to 
progress 1st stage

2 207 14 104 12 103 1.15 [0.57-2.33]

Vaginal instrumental delivery 2 218 18 106 14 112 1.33 [0.70-2.51]
Table 2. Foley catheter and misoprostol versus misoprostol. RR = risk ratio with 95% confidence intervals. FHR = fetal heart rate, NICU = 
neonatal intensive care unit. 

 

Discussion   
 
In this systematic review and meta-analysis we included 22 randomized controlled trials, with a total 
of 5,015 women. The sample size ranged from 60 to 1,845 participants per study. Most of the studies 
were powered for effectiveness outcomes, with time to delivery (N=11) and/or mode of delivery 
(N=7) as the primary outcome(s). All studies were in itself underpowered to answer questions about 
the safety profiles of the induction methods. 
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Our meta-analysis demonstrates that Foley catheter gives less hyperstimulation compared to 
misoprostol (any dose, any administration route), and there were fewer vaginal instrumental 
deliveries with a Foley catheter. Furthermore, the Foley catheter resulted in fewer caesarean 
sections for non-reassuring FHR than misoprostol, with a comparable total caesarean sections rate. 
There were no differences in neonatal outcomes such as arterial umbilical cord pH <7.05, Apgar score 
<7 at 5 minutes and NICU admission. Foley catheter with misoprostol compared to misoprostol alone 
resulted in less hyperstimulation then misoprostol alone, while there was no difference in caesarean 
section rate. Due to small sample sizes we were unable to determine safety profiles for subgroups. 
Limitations of this review are that characteristics of women such as pregnancy duration, Bishop 
score, intact or ruptured membranes, populations studied, and different time frames in history, 
varied between the studies, and the interventions in the included studies were not exactly equal. For 
the Foley catheter there were differences in size and volume of the balloon, and for misoprostol the 
route, dose and intervals were different between the included studies.  
Furthermore, the included randomized controlled trialss did not report all outcomes of interest, as  
predefined in our methods, or the outcomes were not reported in a way that would allow the 
calculation of meaningful summary estimates.  
The total amount of women included was too small to detect significant differences.in evaluating the 
safety profile of the Foley catheter as compared to different dosages and administration routes of 
misoprostol, for rarely occurring outcomes such as a low 5-minute Apgar score, a low arterial 
umbilical cord pH, postpartum hemorrhage and neonatal mortality. For example, to detect a 
difference in arterial umbilical cord pH <7.05 of 0.5% (from 2.2% to 1.7%), we would need more than 
12.000 women (alpha-error 5%; beta-error 80%).  
In a recent review, Alfirevic et al. reported low dose (<50 μg) titrated oral misoprostol solution to 
have the lowest probability of caesarean section compared to other administration routes and 
prostaglandin types including vaginal misoprostol [9]. As there was only one study that included the 
direct comparison of a Foley catheter to oral misoprostol, it was not feasible to draw a solid 
conclusion regarding the safety profile of the two different administration routes compared to Foley 
catheter in this review. Therefore, it would be interesting to investigate the safety profile of these 
methods in a network meta-analysis with individual patient data.  
Caesarean section rates were comparable between Foley catheter and misoprostol in the overall 
equation, but Foley catheter resulted in less caesarean sections for suspected fetal distress, while the 
number of Caesareans for non-progressive labor was higher. This might be explained by a lack of 
patience among staff and laboring women in the Foley catheter group. When inducing with a Foley 
catheter compared to misoprostol, even if membranes could be ruptured on a Bishop score of >6 and 
oxytocin could be started, women probably need more time to enter into the active phase of labor 
because of different working mechanism of the two induction methods. Another element which 
could play a role in this process is the interpretation of the definition “active phase”. Zhang et al 
investigated labor patterns in women who had spontaneous onset of labor and spontaneous 
delivery. One of the key findings was that active or accelerative phase only starts after 5 cm of 
dilatation[35]. They conclude that a 2 hour threshold for diagnosing labor arrest is too short before 6 
cm of dilatation, with a 95th percentile of 6 hours to dilate from 4 to 5 cm dilatation in nulliparous 
women [36]. Therefore, the conclusion that induction has failed could be drawn too soon. We 
believe that with more time and patience, it might be possible to reduce the caesareans performed 
when inducing with a Foley catheter to significantly lower levels than when inducing with 
misoprostol.  
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Additionally, in the included studies there were different regimes of total induction time, ranging 
from 12 to 96 hours which could influence the mode of delivery. One could question the use of 
speedy delivery as an outcome measure in induction of labor studies, certainly as primary endpoint. 
Fast delivery might be associated with more uterine contractions that might also harm the baby and 
therefore is not necessarily a good thing. As Dwight Rouse pointed out elegantly in an editorial 
comment on a pharmaceutical sponsored study assessing time to vaginal delivery, “driving 100 miles 
per hour may get you home from work a bit earlier, but is usually not a good idea” [37].  Our study 
group pleads for better safety and effectiveness outcomes measures, including neonatal outcome 
and vaginal delivery, rather than delivery within 24 hours. Anticipating the development of core 
outcome sets for induction of labor, we expect that women prefer a healthy child and a safe delivery 
over a fast delivery, with vaginal delivery being the obvious primary aim of induction of labor. 
In conclusion, based on our present findings, Foley catheter seems to have a better safety profile 
than misoprostol, but numbers are too low to draw definite conclusions. Furthermore, the use of a 
Foley catheter and misoprostol in low-income countries, especially when oxytocin and continuously 
fetal monitoring is not always available, needs further investigation. This needs to be confirmed in 
large comparative studies on the subject, with relevant endpoints for safety and effectiveness. 
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Appendix 1. Characteristics of included studies and risk of bias explanation 

Study A B C D E F G 

Barrilleaux 2002 + + + + ? + + 

Carbone 2013 + + + + + + + 

Chavakula 2015 + + + + + + + 

Chung 2003 + + + + ? + + 

Eikelder 2015 + + + + + + + 

Filho 2010 + + + + ? + ? 

Gelisen 2004 + + + + + + + 

Greybush 2001 + + + + + ? + 

Hill 2009 + + + + ? + + 

Jozwiak 2013 + + + + + + + 

Kandil 2012 - - + + - + + 

Kashanian 2005 ? ? + + ? ? + 

Lanka 2014 + + + + + + + 

Noor 2015 ? ? + + ? + + 

Oliveira e Oliveira 2010 + + + + + + + 

Owolabi 2005 + + + + ? + + 

Prager 2008 + + + + + + + 

Roudsari 2011 ? ? + + + + + 

Rust 2001 + + + + ? + + 

Sciscione 2001 + + + + - - + 

Sheikher 2009 ? ? + + - - ? 

Sujata 2012 + + + + - ? ? 

Table S1. Risk of bias. A =  random sequence generation (selection bias). B = Allocation concealment (selection bias). C = 
Blinding of women and personnel (performance bias). D = Blinding of outcome assessment (detection bias). E = Incomplete 
outcome data (attrition bias). F = Selective reporting (reporting bias). G = Other bias. 
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Barrileaux 2002 

Methods RCT 

Women Obstetric indication for induction of labour, Bishop score <7, unscarred uterus, a singleton pregnancy, 
cephalic presentation, intact membranes. No contraindication to vaginal delivery. Gestational age not 
described in methods. In table only term patients mentioned, not determined in method section. 

Interventions 
1. 24F Foley catheter, 50 ml saline solution and 4 mg prostaglandin E2 gel every 4 hours (max 4 doses) 
(N=114) 
2. 24F Foley catheter, 50 ml saline solution and 100 µg oral misoprostol every 4 hours (max 4 
doses)(N=109) 
3. 100 µg oral misoprostol every 4 hours. (N=116) 

Outcomes Primary outcome: time to delivery. Secondary outcomes: Oxytocin use, analgesia, chorioamnionitis, time 
of first intervention, expulsion of Foley catheter, time of amniotomy or spontaneous rupture of 
membranes, time of second stage , time of delivery. Uterine tachysystole. 

Notes ITT not done, 16 women were excluded because of contraindications to participate. 

Risk of bias 
Random sequence generation (selection 
bias) 

Low risk 
Computer generated randomisation schedule 

Allocation concealment (selection bias) Low risk Numbered opaque envelopes. 
Blinding of women and personnel 
(performance bias) 

Low risk 
Not feasible due to nature of intervention. 

Blinding of outcome assessment 
(detection bias) 

Low risk 
 

Incomplete outcome data (attrition bias) Unclear risk 16 women were excluded after randomisation, reason was 
given (2 twin pregnancies, 1 breech, 3 previous CS, 10 
ruptured membranes) 

Selective reporting (reporting bias) Low risk All pre-specified outcome measures were mentioned. 
Other bias Low risk  

Carbone 2013 

Methods RCT 

Women 
Singleton, viable gestation (24 weeks or greater), cephalic presenting fetus, 
intact membranes, and an unfavourable cervix (Bishop score <7). Exclusion 
criteria were fetal malpresentation, multifetal gestation, spontaneous labour, 
contraindication to prostaglandins, fetal growth restriction, anomalous fetus, 
fetal demise, previous CS, or other uterine surgery. 

Interventions 
1. 25 µg Vaginal misoprostol every 4 hours AND Foley catheter filled with 60 ml 
Saline; taped to the inner thigh under gentle traction.(N= 56) 
2. 25 µg Vaginal misoprostol every 4 hours (N=61) 

Outcomes 
Primary outcome: Induction to delivery time. Secondary outcomes: mode of 
delivery, tachysystole, postpartum haemorrhage (>500ml), chorioamnionitis, 
neonatal Apgar scores and neonatal intensive care unit admission. 

Notes 
Not mentioned for how long Misoprostol and/or Foley was given in total. 
(maximal induction period) 

Risk of bias 
Random sequence generation (selection bias) Low risk Computer generated random sequence 
Allocation concealment (selection bias) Low risk Opaque envelope 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk Analyses were according to intention to treat. 
Selective reporting (reporting bias) Low risk All pre specified outcome measures were 

mentioned 
Other bias Low risk  
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Chavakula 2015 

Methods RCT 

Women Singleton fetus in cephalic presentation, fetal growth restriction, gestational 
age 34 weeks or more. Exclusion criteria: women with one or more previous 
caesarean deliveries, uterine surgery, a multiple pregnancy, ruptured 
membranes, a Bishop score of more than six, severe fetal growth restriction 
(growth restriction with absence or reversal of diastolic flow in the umbilical 
artery and/or an amniotic fluid index of less than five), an abnormal fetal heart 
rate prior to induction, or pre-partum haemorrhage. 

Interventions 
1. Foley catheter 16F, 30 ml, downward traction. Catheter was removed after 
12 hours. 
2. 25 µg of intravaginal misoprostol every 6 hours, maximum 3 doses 

Outcomes Primary outcome: Hyperstimulation with FHR changes. Secondary outcomes: 
measures of effectiveness (defined as Bishop score at AROM, duration of 
induction to delivery, vaginal delivery within 12 hours, 24 hours, caesarean 
section, oxytocin use), maternal and neonatal complications (chorioamnionitis, 
use of antibiotics, NICU admission, Apgar <7 at 5 minutes), patients and 
caregiver satisfaction (by given a VAS score) 

Notes  

Risk of bias 
Random sequence generation (selection bias) Low risk Computer generated random sequence 
Allocation concealment (selection bias) Low risk Opaque envelope 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk Intention to treat was not mentioned but 

possible after re-analysis. 
Selective reporting (reporting bias) Low risk All pre specified outcome measures were 

mentioned 
Other bias Low risk  

Chung 2003 

Methods RCT 

Women 
Singleton gestation who were admitted for labour induction. Gestation age 
=/>28 weeks; Bishop Score <7, vertex presentation, intact membranes, absence 
of labour, reassuring fetal heart rate tracing. Exclusion criteria: history of pre-
partum bleeding, intrauterine fetal death, placenta previa, previous uterine 
scar, evidence of chorioamniontitis, previous use of induction agent during the 
index pregnancy, contraindication to receive or known allergy to latex or 
prostaglandin. 

Interventions 
1. 16F Foley catheter 30 ml with traction tapped to inner thigh, removal after 12 

hours if not detached spontaneously (N=54) 
2. misoprostol 25 µg every 3 hours max 6 doses (N=49) 
3. combination group (N=43). Oxytocin started 3 hours after last gift. 

Outcomes 
Primary outcome: vaginal delivery rate. Secondary outcomes: tachysystole, 
hypertonus, hyperstimulation, chorioamnionitis, interval between induction 
and active labour, active phase to delivery, induction to delivery. Neonatal 
outcomes were mentioned but unfortunately: 5 min Apgar score </= 8 

Notes Randomisation in blocks of 10, 3 groups. Also reported as abstract Huang 2002 

Risk of bias 
Random sequence generation (selection bias) Low risk Computerized using Epistat. 
Allocation concealment (selection bias) Low risk Opaque, sealed envelopes 
Blinding of women and personnel (performance bias) Low risk Mentioned not blind. 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Unclear risk 1 woman was excluded after randomisation, 

unclear reason. ITT was done 
Selective reporting (reporting bias) Low risk Yes, not all pre-specified outcomes reported 
Other bias Low risk  
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Eikelder 2016 

Methods RCT 

Women Singleton gestation who were admitted for labour induction. Gestational age 
=/>37 weeks; Bishop Score<6, vertex presentation, intact membranes. 
Exclusion criteria: placenta previa, previous uterine scar. contraindication to 
receive or known allergy to latex or prostaglandins. 

Interventions 
1. Foley catheter 30 ml tapped to inner thigh without traction (N= 921) 
2. Oral misoprostol 50 mg every 4 hours (max 3 times a day) (N= 924). Maximum 

total induction time 4 days 

Outcomes Primary outcome for safety was a composite of postpartum haemorrhage and 
asphyxia, and for effectiveness caesarean section rate. Secondary outcomes 
included maternal and neonatal outcomes, total induction time, interval 
between randomisation and active phase 

Notes  

Risk of bias 
Random sequence generation (selection bias) Low risk Computer generated 
Allocation concealment (selection bias) Low risk Computer generated 
Blinding of women and personnel (performance bias) Low risk Mentioned not blind 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk All women were analysed according to ITT and 

also per protocol analysis was performed 
Selective reporting (reporting bias) Low risk All pre-specified outcomes were reported 
Other bias Low risk  

Filho 2010 

Methods RCT 

Women reason for labour induction, term pregnancies, Bishop Score<6, normal fetal 
heart rate. Exclusion criteria were multiple gestations, non-cephalic 
presentation, CS history or uterine scar, rupture of membranes, antepartum 
bleeding, genital herpes infection, fetal death, placenta praevia or previous 
attempts to induce labour. 

Interventions 
1. 14F Foley catheter with 30 ml balloon, traction due to adherences to the inner 

thigh, checked every 6 hours for extrusion. Removed after 24 hours and oxytocin 
was started. (N= 121) 

2. Versus 25 µg misoprostol vaginal every 6 hours up to maximum 4 doses. Oxytocin 
was started afterward; maximum after 24 hours. (N=119) 

Outcomes Primary outcome: number of successful inductions within 48 hours. Secondary 
outcomes: induction to labour time, total time of induction, mode of delivery, 
number of required doses of misoprostol, side effects and neonatal outcomes. 
Tachysystole, hypertonus, hyperstimulation. 

Notes  

Risk of bias 
Random sequence generation (selection bias) Low risk Computer generated random number list 
Allocation concealment (selection bias) Low risk Sealed opaque envelope, not available for 

recruiters 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Unclear risk  
Incomplete outcome data (attrition bias) Low risk ITT was used to analyse data. No numbers are 

given in table 1. 
Selective reporting (reporting bias) Low risk All pre-specified outcomes were mentioned in 

the result section 
Other bias Unclear risk Table 1 misses total amount of patients 

analysed 
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Gelisen 2004 

Methods RCT 

Women Singleton in cephalic presentation, intact membranes, live fetus, Bishop Score 
<5, estimated fetal body weight <4500 gram, reactive non-stress test, amniotic 
fluid index >5. Gestational age =/> 41 weeks, Exclusion criteria: 
malpresentation, caesarean section in history, earlier attempt to induce labour 
in current pregnancy, parity >5, BMI>30, low lying placenta, 

Interventions 
1. Foley catheter 18F filled with 50 ml NaCl, light traction on to inner thigh (N=100) 
2. vaginal misoprostol 50 µg every 6 hours (N=100). 
3. Oxytocin low dose protocol (N=100) 
4. expectant management (N=300)  
After 24 hours no delivery --> CS was performed 

Outcomes Primary outcome: caesarean section rate. Secondary outcomes: neonatal 
outcomes, tachysystole, hyperstimulation, meconium, pH, NICU admission, 
emergency caesarean section. 

Notes Primary goal is to compare induction versus expectant management. 

Risk of bias 
Random sequence generation (selection bias) Low risk Envelopes prepared, 600 total, 300 in each 

study group, follow up group N= 300; 50 µg 
misoprostol N=100, oxytocin, N=100 or Foley 
N= 100 

Allocation concealment (selection bias) Low risk Sealed opaque envelopes 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk ITT was not mentioned but possible by 

reanalysis, seems like all data/patients were 
used 

Selective reporting (reporting bias) Low risk All pre-specified outcomes were mentioned 
Other bias Low risk  

Greybush 2001 

Methods RCT 

Women Inclusion criteria were intrauterine singleton with indication for induction of 
labour, BS <6. Exclusion criteria: >1 contraction per 10 min, history of 
glaucoma, steroid-dependent asthma, cervical cancer, immunosuppressive 
disease (HIV, malignancy), multiple gestation or any other contraindication for 
induction of labour. In method section no data on gestation age as in or 
exclusion criteria. Mean gestational age + SD suggest term pregnancies. 

Interventions 
1. Intravaginal misoprostol 25 µg every 3 hours for a maximum of 4 doses in 12 
hours (N=65) 
2. 24F Foley catheter, filled with 50 ml of sterile water. Balloon was left in place 
no more than 12 hours (N= 71) 
3. 0.5 mg of intracervical PGE2 gel followed by intracervical placement of Foley 
catheter (N= 69). In all groups after 12 hours oxytocin was started. 

Outcomes Primary outcomes: mode of delivery, and time to delivery. Secondary 
outcomes: amniotomy, oxytocin use, epidural anaesthesia, intra-partum 
complications such as tachysystole, hyperstimulation, dystocia and FHR 
abnormalities. Time intervals ripening to delivery time. Active labour to delivery 
time, oxytocin to delivery time. Apgar score, cord pH, neonatal complications. 

Notes Premature rupture of the membranes was not an exclusion criteria. Reported 
as abstract Rust 1999 

Risk of bias 
Random sequence generation (selection bias) Low risk Computer generated random numbers table 
Allocation concealment (selection bias) Low risk Sealed opaque envelope 
Blinding of women and personnel (performance bias) Low risk Not possible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk No loss to follow up; all patients analysed. 
Selective reporting (reporting bias) Unclear risk Not all pre mentioned outcome measures 

were reported. (no tachysystole reported) 
Other bias Low risk  
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Hill 2009 

Methods RCT 

Women Singleton, vertex presentation, intact membranes, indication for induction, Bishop Score <5, gestational 
age between 24 and 42 weeks. Exclusion criteria were fetal malpresentation, multifetal gestation, 
spontaneous labour, non-reassuring fetal heart rate tracing, contraindication to prostaglandin therapy, 
unstable cardiopulmonary status, hypersensitivity to prostaglandins, intrauterine growth restriction, 
anomalous fetus, fetal demise, previous caesarean delivery or other significant uterine surgery. 

Interventions 
1. initial dose of 25 µg vaginal misoprostol followed by 50 µg intravaginal doses at 3-6 hours intervals, 
maximum 4 doses (N= 106) 
2. 24F Foley catheter filled with 50 ml of sterile saline solution, taped to the inner thigh and 100 µg oral 
misoprostol 4-6 hours intervals, maximum of four doses. (N=126) 

Outcomes Primary outcome: time from first intervention to the time of delivery. Secondary outcomes: Analgesia, 
oxytocin use, chorioamnionitis, time of first intervention, expulsion of Foley catheter, amniotomy or 
spontaneous rupture of membranes, timing of the second stage of labour, time of delivery, 
hyperstimulation. 

Notes  

Risk of bias 
Random sequence generation (selection 
bias) 

Low risk 
Computer generated randomisation schedule 

Allocation concealment (selection bias) Low risk Opaque numbered envelopes by uninvolved third party. 
Blinding of women and personnel 
(performance bias) 

Low risk 
Not feasible due to nature of intervention 

Blinding of outcome assessment 
(detection bias) 

Low risk 
 

Incomplete outcome data (attrition bias) Unclear risk Outcome measures in methods section. The same as article 
of Barrilleaux 2002. No intention to treat. ITT is possible 
after reanalysis. 

Selective reporting (reporting bias) Low risk All pre-mentioned outcomes were described in result 
section. 

Other bias Low risk  

Jozwiak 2013 

Methods Pilot study within RCT 

Women Women >18 years with term pregnancy and unfavourable cervix, requiring 
induction of labour. Exclusion criteria were previous caesarean section, non-
vertex presentation of the fetus, ruptured membranes, hypersensitivity for one 
of the products used for induction, or a lethal congenital anomaly of the fetus 

Interventions 
1. Foley catheter 30 ml without traction (N=54) 
2. misoprostol 25 µg tablets every 4 hours, max 3 dd. (N=64 ) Maximum 2 days, 

than 1 resting day and then again 2 days. 

Outcomes Primary outcome: caesarean section rate. Secondary outcomes: maternal and 
neonatal morbidity and time from start induction to birth. 

Notes  

Risk of bias 
Random sequence generation (selection bias) Low risk Web based randomisation program, 

randomisation program was computer 
generated 

Allocation concealment (selection bias) Low risk Randomisation sequence could not be viewed 
by the recruiters nor by the trial coordinator 

Blinding of women and personnel (performance bias) Low risk Not possible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk Analyses were done by ITT 
Selective reporting (reporting bias) Low risk All pre specified outcomes were reported 
Other bias Low risk  
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Kandil 2012 

Methods Prospective quasi-randomized controlled trial 

Women Post term pregnancies of 41 weeks or more, primiparous, Bishop Score <4, singleton living fetus, vertex 
presentation, no evidence of active labour, a reassuring fetal heart rate pattern, no evidence of intra-
uterine infection. Exclusion criteria: contra-indication for vaginal delivery, previous uterine surgery, non-
reassuring fetal heart rate, intra uterine fetal demise, ruptured membranes, vaginal infection, 
malpresentations, macrosomic fetus, cephalic-pelvic disproportion, history of antepartum haemorrhage 
and those with a contra-indication to prostaglandins 

Interventions 
1. 18F Foley catheter, 30 ml sterile saline. Tapped to the inner thigh. Each patient received 1 gram of 
ampicillin/6 hours. Removed after 12hours. (N=50) 
2. 25 µg misoprostol vaginally every 4 hours (N=50) 

Outcomes Primary outcome: Induction to delivery time. Secondary outcomes: oxytocin use, route of delivery, 
occurrence of chorioamnionitis, Apgar score, admission to NICU, tachysystole, uterine hypertonus, 
hyperstimulation 

Notes 9 patients were insertion of Foley was not possible were replaced by 9 other patients 

Risk of bias 
Random sequence generation (selection 
bias) 

High risk 
Inadequate, based on admission date 

Allocation concealment (selection bias) High risk Inadequate, based on admission date 
Blinding of women and personnel 
(performance bias) 

Low risk 
Not feasible due to nature of intervention 

Blinding of outcome assessment 
(detection bias) 

Low risk 
 

Incomplete outcome data (attrition bias) High risk ITT was not mentioned. 9 patients in Foley group were 
replaced by 9 others because insertion of Foley was not 
possible. No flow chart, no description of lost to follow up. 

Selective reporting (reporting bias) Low risk All pre described outcome measures were mentioned. 
Other bias Low risk  

Kashanian 2005 

Methods RCT 

Women Indication for termination of pregnancy, gestational age =/>28 weeks, Bishop 
Score  <5, singleton in cephalic presentation, intact membranes. Exclusion: 
previous caesarean section, vaginal bleeding, allergy to prostaglandin, intra 
uterine fetal demise or fetal distress 

Interventions 
1. 25 µg misoprostol 3 hourly for a maximum of 6 doses (N=100)  
2. 16F Foley. Balloon filling unclear. Foley was under traction with 500 ml of serum 

(N=100). 
3. Combination group of misoprostol and Foley (N=100) 

Outcomes Primary outcome: caesarean section rate. Secondary outcomes: induction to 
delivery interval, Apgar score. 

Notes No sample size calculation. After 12 hours when no contractions oxytocin was 
started. (in misoprostol group 6x3 = 18 hours of misoprostol. Was this given 
contemporary?) 

Risk of bias 
Random sequence generation (selection bias) Unclear risk Insufficient information about sequence 

generation process 
Allocation concealment (selection bias) Unclear risk 

Insufficient information 

Blinding of women and personnel (performance bias) Low risk Not feasible 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Unclear risk Brief communication, not addressed 
Selective reporting (reporting bias) Unclear risk Study protocol not available 
Other bias Low risk  
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Lanka 2014 

Methods RCT 

Women Gestational age >28 weeks, singletons, intact membranes, absence of labour, cephalic presentation, 
Bishop Score<5. Exclusion criteria were multifetal gestations, congenital malformations, Gravidity >4, non-
reassuring fetal heart rate trace, ruptured membranes, active genital infection, previous uterine surgery 
(including caesarean section), low-lying placenta, chorioamnionitis, EFW>4000 gram, intra uterine fetal 
demise, known allergies to latex or prostaglandins 

Interventions 
1. 16F Foley catheter, filled with 30 ml of sterile water and 25 µg misoprostol tablet vaginally every 4 
hours up to a maximum of 8 doses. Foley catheter remained maximum 12 hours in situ. (N=63) 
2. 25 µg vaginal misoprostol every 4 hours, with a maximum of 8 doses (N=63) 

Outcomes Primary outcome: induction to delivery interval. Secondary outcomes: rate of vaginal deliveries, 
hyperstimulation, CS rate, neonatal outcome, chorioamnionitis, oxytocin use 

Notes  

Risk of bias 
Random sequence generation (selection 
bias) 

Low risk Predetermined computer generated randomisation 
sequence 

Allocation concealment (selection bias) Low risk Sealed opaque envelopes arranged sequentially and opened 
prior to the procedure a person not related to the trial. 

Blinding of women and personnel 
(performance bias) 

Low risk 
Not feasible due to nature of intervention 

Blinding of outcome assessment 
(detection bias) 

Low risk 
 

Incomplete outcome data (attrition bias) Low risk Intention to treat was used for primary analyses. 
Selective reporting (reporting bias) Low risk All outcome measures mentioned were reported 
Other bias Low risk  

Noor 2015 

Methods RCT 

Women Singleton pregnancies in cephalic presentation, gestational age >37 weeks, intact membranes, Bishop 
score <4, Exclusion criteria were: rupture of the membranes, chorioamnionitis, antepartum haemorrhage, 
cervical dilatation >2,5 cm, temperature >38 degrees Celsius, contracted pelvis, fetal distress, 
polyhydramnios, indication for immediate delivery and previous caesarean section or other uterine 
surgeries. 

Interventions 
1. Vaginal misoprostol (N=60): 25 µg, 4 hourly, with a maximum of 6 doses. 
2. Foley catheter (N=44): 18F Foley catheter, balloon was filled with 50 ml sterile saline solution, catheter was 

taped to the inner thigh with traction 

Outcomes Primary outcome: induction to delivery interval. Secondary outcome: uterine tachysystole, uterine 
hypertonus, uterine hyperstimulation (tachysystole + FHR changes), meconium stained liquor, mode of 
delivery, maternal and neonatal outcome, Apgar score. 

Notes  

Risk of bias 
Random sequence generation (selection 
bias) 

Unclear risk It was mentioned that the women were randomly allocated 
but not how 

Allocation concealment (selection bias) Unclear risk It was mentioned that the women were randomly allocated 
but not how 

Blinding of women and personnel 
(performance bias) 

Low risk 
Not feasible due to nature of intervention 

Blinding of outcome assessment 
(detection bias) 

Low risk 
 

Incomplete outcome data (attrition bias) Unclear risk ITT not mentioned and not possible after re-analysis 
Selective reporting (reporting bias) Low risk All outcome measures mentioned were reported 
Other bias Low risk  
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Oliveira e Oliveira 2010 

Methods RCT 

Women Singletons in cephalic presentation, Gestational age >37 weeks, live fetus, 
Bishop Score <5. Exclusion criteria: ruptured membranes, uterine scar, placenta 
previa, chorioamnionitis, EFW >4000 gram, hypersensitivity for products used 
in intervention 

Interventions 
1. Foley catheter 14 or 16F, 30ml, without traction adhered to inner thigh, (N=80) 
2. Misoprostol 25 µg a 6 hours, with a maximum dose of 200 µg (N=80) max 48 

hours of induction 

Outcomes Primary outcome: Bishop score changes. Secondary outcomes: oxytocin use, 
tachysystole, hypertonus of the uterus, BS>6, delivery route, fetal heart rate 
abnormalities, meconium stained liquor, Apgar score 

Notes In Portugees, translated 
Risk of bias 
Random sequence generation (selection bias) Low risk Computer generated random list of numbers 
Allocation concealment (selection bias) Low risk Sealed opaque envelopes 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk ITT was mentioned and used for analysis 
Selective reporting (reporting bias) Low risk All mentioned outcomes are reported 
Other bias Low risk  

Owolabi 2005 

Methods RCT 

Women Inclusion criteria: singleton gestation with cephalic presentation, intact membranes, reactive non-stress 
test and Bishop Score<5. Gestational age not mentioned. In table seems that only term patients were 
included. Exclusion criteria: 4 or more spontaneous uterine contractions per hour, placenta previa, 
unexplained vaginal bleeding, a non-reactive non-stress test, ruptured fetal membranes, prior uterine 
surgery, an EFW >4500 gram, parity >5, active genital herpes infection or a contraindication to receiving 
prostaglandins. 

Interventions 
1. 50 µg vaginal misoprostol tablets, every 6 hours. Maximum dose was 100 µg or 2 doses. After 12 hours 

membranes were ruptured an oxytocin was started (N=60) 
2. 18F Foley catheter filled with 30 ml of sterile water, taped to the inside of the knee. After 12 hours 

membranes were ruptured and oxytocin was started (N=60) 

Outcomes Primary outcome: “successful induction”. Secondary outcomes: Change in Bishop score, side-effect 
profile, procedure to delivery , induction to delivery interval, oxytocin, route of delivery, oxytocin use, 
intra partum complications, Apgar scores, NICU admission, tachysystole, hypertonus, hyperstimulation 

Notes  

Risk of bias 
Random sequence generation (selection 
bias) 

Low risk 
Computer generated list 

Allocation concealment (selection bias) Low risk Sealed envelopes 
Blinding of women and personnel 
(performance bias) 

Low risk 
Not feasible due to nature of intervention 

Blinding of outcome assessment 
(detection bias) 

Low risk 
 

Incomplete outcome data (attrition bias) Unclear risk No data on lost to follow up, protocol violations. 
Selective reporting (reporting bias) Low risk All pre-specified outcomes were mentioned 
Other bias Low risk  
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Prager 2008 

Methods RCT 

Women Full term pregnancies, no prior caesarean section, required induction of labour, 
Bishop Score<6. Exclusion criteria: malpresentation, immediate delivery 
indicated, contraindication to vaginal delivery, contraindication to 
prostaglandins 

Interventions 
1. Transcervical Foley catheter on traction filled with 50 ml (N=199) 
2. Vaginal misoprostol 25 µg, maximum 6 times, every 4 hours.(N=199) 
3. Dinoprostone 2 mg 6-hourly (N=199) 

Outcomes Primary outcome: time to delivery, Secondary outcomes: mode of delivery, 
instrumental delivery, hyperstimulation with and without FHR changes, 
meconium, antibiotics, oxytocin, epidural, postpartum haemorrhage, Apgar 
score, NICU admission 

Notes  

Risk of bias 
Random sequence generation (selection bias) Low risk Computer generated random list of numbers 
Allocation concealment (selection bias) Low risk Sealed opaque envelopes 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk ITT was mentioned and used for analysis 
Selective reporting (reporting bias) Low risk All mentioned outcomes are reported 
Other bias Low risk  

Roudsari 2011 

Methods RCT 

Women Indication for induction of labour, Gestational age >37 weeks, Bishop score <7, 
singleton, gestational diabetes mellitus, reassuring fetal heart rate tracing, 
cephalic presentation, intact membranes, low-located placenta (no definition), 
and mild preeclampsia. Excluded hypersensitivity to prostaglandin, temp>38 
degrees Celcius, previous caesarean section delivery or other uterine surgery, 
placenta previa, chorioamnionitis, vaginal bleeding, fetal distress, macrosomia 
and polyhydramnion. 

Interventions 
1. 25 µg misoprostol repeated up to 6 doses every 4 hours. If no BS >7 after 24 

hours, oxytocin was started  
2. Foley 18 F filled with 50 ml of sterile saline solution. After 12 hours oxytocin was 

started. 

Outcomes Primary outcome: interval time from the first intervention to the time of 
delivery. Secondary outcomes: uterine tachysystole, uterine hyperstimulation 

Notes Time to delivery: not clear from when till delivery, if it is the active phase or 
from start induction?  therefore no use of these data. Other data were used. 
Also available as Roudsari 2010 

Risk of bias 
Random sequence generation (selection bias) Unclear risk Mentioned that they were randomly divided, 

not how 
Allocation concealment (selection bias) Unclear risk Mentioned that they were randomly divided, 

not how 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Low risk ITT was not mentioned. Possible after re-

analysis. (2 patients excluded because of " due 
to bad participation" .) 

Selective reporting (reporting bias) Low risk All pre-mentioned outcomes were reported 
Other bias Low risk  
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Rust 2001 

Methods RCT 

Women Singleton in cephalic presentation, indication for delivery, unfavourable cervix 
Bishop score=/< 5, exclusion criteria: scared uterus, HIV, cervix carcinoma, 
astma, glaucoma, chorioamnionitis, non-reassuring fetal heart rate testing. 

Interventions 
1. 24F Foley with 50 ml + misoprostol a 3 hours, with a maximum of 12 hours 

(N=41) 
2. Misoprostol 25 µg a 3 hours, with a maximum of 12 hours. (N=40) After 12 hours 

oxytocin was started in all patients 

Outcomes Primary outcomes: caesarean section rate and time to delivery. Secondary 
outcomes:  time to delivery, tachysystole (6 or more contractions in 10 
minutes), hyperstimulation (tachysystole + fetal heart rate changes), neonatal 
and maternal morbidity, mode of delivery, ripening to delivery time. 

Notes Women with ruptured membranes are included, after 12 hours everybody got 
oxytocin 

Risk of bias 
Random sequence generation (selection bias) Low risk Random number tables 
Allocation concealment (selection bias) Low risk Sealed opaque envelopes 
Blinding of women and personnel (performance bias) Low risk No, not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) Unclear risk ITT not mentioned, possible by re-analysis. 
Selective reporting (reporting bias) Low risk All pre specified outcomes and all expected 

outcome interest to the review have been 
reported 

Other bias Low risk  

Sciscione 2001 

Methods RCT 

Women Pregnant women who presented for induction of labour with unfavourable cervixes (Bishop Score<6). > 28 
weeks of gestation. Exclusion criteria: rupture of membranes, antepartum bleeding, active genital herpes 
infection, fetal death, placenta previa, previous induction or pre-induction agent during pregnancy, and 
known allergy to misoprostol. Women with histories of caesarean deliveries were not excluded. 

Interventions 
1. Intravaginal misoprostol 50 µg tablet every 4 hours, maximum of six doses. If after 6 doses not in labour 

oxytocin was started (N=53) 
2. 16F Foley catheter 30 ml, with traction to medial site of knee or thigh. (N=58). Oxytocin was started after 

priming period. 

Outcomes Primary outcome: difference in bishop score. Secondary outcomes: time pre-induction cervical ripening, 
total time for induction, delivery route, uterine tachysystole, side effects, subject comfort, fetal heart rate 
disturbances. Uterine tachysystole, uterine hypertonus. 

Notes In the beginning women with a caesarean section history could also participate. In total 3 women were 
included with history of caesarean section in Foley group and 2 in misoprostol group. 1 patient had a 
rupture of the uterus in the misoprostol group. After the uterus rupture women with previous caesarean 
section  were excluded. Also available as abstract Manley 1999 

Risk of bias 
Random sequence generation (selection 
bias) 

Low risk 
Computer generated random allocation 

Allocation concealment (selection bias) Low risk Opaque envelopes + sealed 
Blinding of women and personnel 
(performance bias) 

Low risk 
Not feasible due to nature of intervention 

Blinding of outcome assessment 
(detection bias) 

Low risk 
 

Incomplete outcome data (attrition bias) High risk ITT not mentioned, but possible after recalculation. No 
postpartum outcomes were mentioned. 

Selective reporting (reporting bias) High risk No neonatal outcome was mentioned. Inclusion criteria 
changed after a uterus rupture with a women with prior 
caesarean section 

Other bias Low risk  
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Sheikher 2009 

Methods RCT 

Women Inclusion criteria were 1st or 2nd gravid with single live fetus in cephalic 
presentation with indication for induction of labour, gestational age 37-42 
weeks, Bishop score<6, absence of uterine contractions. Exclusion criteria: 
previous Caesarean section, Non reassuring fetal heart rate tracing, intra 
uterine fetal demise, Oligohydramnios, Placenta previa, multifetal pregnancy, 
fetal malpresentation, cord prolapse, any evidence of chorioamnionitis, active 
herpes, EFW >4000 gram, renal or hepatic disease. 

Interventions 
1. Oral misoprostol, 50 µg, repeated every 4 hours to a maximum of 5 doses. 
N=30 
2. Vaginal misoprostol 25 µg, repeated every 4 hours to a maximum of 5 doses. 
N=30 
3. Foley catheter 16 or 18 F with 35 ml normal saline. for maximum of 16 hours. 
N=30 
In all 3 groups after 16 hours oxytocin was started. 

Outcomes Primary outcome: failed induction (unfavourable cervix after 24 hours of 
priming or 5 doses of misoprostol). Secondary outcomes: tachysystole, 
hypertonus and hyperstimulation. 

Notes Induction to delivery interval is given but no standard deviations, no power 
calculation, no description of randomisation. 

Risk of bias 
Random sequence generation (selection bias) Unclear risk Randomly assigned, but not mentioned how. 
Allocation concealment (selection bias) Unclear risk Randomly assigned, but not mentioned how. 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) High risk ITT was not mentioned. 
Selective reporting (reporting bias) High risk No outcome measures were mentioned in the 

method section 
Other bias Unclear risk No power calculation was done. 

Sujata 2012 

Methods RCT 

Women Inclusion criteria were full term singleton pregnancies, cephalic presentation, 
one or more of the common indications for induction of labour, BS<6. Exclusion 
criteria were rupture of membranes, antepartum bleeding, placenta previa, 
previous induction during the pregnancy 

Interventions 
1. 16F Foley catheter with 30 ml of sterile water, taped to the inner thigh. 
Checked for expulsion every 6 hours (N=50) 
2. 25 µg misoprostol every 4 hours with a maximum of 8 doses (24h) (N=54) 
3. Dinoprostone maximum of 3 doses of 2 mg, every 6 hours. (N=52) 

Outcomes Primary outcome: Change in Bishop score. Secondary outcomes: total time for 
induction, delivery route, uterine tachysystole, uterine hypertonus, comfort of 
the women defined by VAS score 

Notes No power calculation was performed, no postpartum maternal or neonatal 
data available. Also known as Deo 2012 

Risk of bias 
Random sequence generation (selection bias) Low risk Computer generated random allocation numbers 
Allocation concealment (selection bias) Low risk Opaque envelopes 
Blinding of women and personnel (performance bias) Low risk Not feasible due to nature of intervention 
Blinding of outcome assessment (detection bias) Low risk  
Incomplete outcome data (attrition bias) High risk No ITT mentioned, no flow chart, 2 patients 

excluded but not mentioned why.. 
Selective reporting (reporting bias) Unclear risk All pre-specified outcome measures were 

mentioned but discomforted during insertion in 
methods is described as VAS score (0-10). In 
result section they give only percentage of 
women who experienced discomfort. With which 
VAS score? How was this observed? 

Other bias Unclear risk No power calculation was performed/mentioned 
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Summary and general discussion 
 
When prostaglandin preparations were introduced for induction of labour in the 70s and 80s, older 
methods such as the Foley catheter were rapidly replaced, without confirmation of equal or better 
safety and effectiveness profiles of the new drugs. In the first PROBAAT study (also called PROBAAT-
I), Jozwiak et al showed that the Foley catheter had a better safety profile than prostaglandin E2 
preparations 1,2.  
In this thesis, we investigated the safety and effectiveness profile of the Foley catheter compared to 
prostaglandin E1 (misoprostol). Here, we summarise the different studies as described in the 
chapters. Subsequently, we will discuss the findings of the studies described in this thesis from the 
perspective of safety, effectiveness, women’s preference and costs, including implications for future 
research. We will then discuss the use of Foley catheter in an outpatient setting and the 
implementation of the results of this thesis. The chapter will end with a general conclusion on 
induction of labour using either Foley catheter or oral misoprostol. 

 
Summary 

Chapter two describes the results of a randomised controlled trial (PROBAAT-M) and meta-analysis 
of studies comparing Foley catheter to vaginal misoprostol for induction of labour in term pregnant 
women. This small randomised controlled trial was conducted parallel to the PROBAAT-I study, in the 
same period.Women were randomised to either Foley catheter (n=56) or 25 microgram vaginal 
misoprostol (n=64). We found that caesarean delivery rates were not significantly different (14 
women (25%) in the Foley catheter group versus 11 women (17%) in the vaginal misoprostol; RR 
1.46, 95% CI 0.72 - 2.94), but more caesarean deliveries were performed for failure to progress in the 
first stage of labour after induction in the Foley catheter group (8 women (14%) versus 2 women 
(3%); RR 4.57, 95% CI 1.01- 20.64). When using a Foley catheter, oxytocin augmentation was required 
more often compared to vaginal misoprostol (82% versus 50%, RR 1.64, 95% CI 1.25-2.16), p-value 
<0.001). Maternal and neonatal secondary outcomes, including postpartum haemorrhage and 
arterial umbilical cord pH <7.10, did not differ significantly between these groups, as expected due to 
the small size. In our meta-analysis, we found that Foley catheter compared to 4-hourly 25 
microgram vaginal misoprostol yields comparable caesarean delivery rates (230 women (30%) versus 
187 women (25%), RR 1.24, 95% CI 0.94-1.63), and vaginal instrumental deliveries rates (38 women 
(13%) versus 57 women (18%), RR 0.64, 95% CI 0.35-1.17), and reduced hyperstimulation with fetal 
heart rate changes (21 women (3.8%) versus 52 women (9.5%), RR 0.39, 95% CI 0.24-0.61). Based 
above described outcomes, Foley catheter is superior to vaginal misoprostol for induction of labour 
at term. 
 
Chapter three describes the research protocol of the PROBAAT-II study, a randomised clinical trial 
comparing induction of labour with Foley catheter versus 50 microgram oral misoprostol. All women 
with a term singleton pregnancy in cephalic presentation, intact membranes, unfavourable cervix, 
and an indication for induction of labour where eligible for inclusion. Women with a history of 
caesarean section, age <18, lethal congenital malformations and hypersensitivity for any of the 
products used were excluded. After written informed consent, women were randomised by means of 
a web-based application. Stratification was applied for previous vaginal birth (nulliparous versus 
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multiparous) and for centre. The study was staffed by obstetricians, midwives and research staff 
associated with the Dutch Consortium for Studies in Women’s Health and Reproductivity. Women 
were either allocated to induction of labour with a 16 of 18F Foley catheter or 50 microgram oral 
misoprostol tablets. The Foley catheter was placed with a speculum or digitally, and women were 
examined every 12 hours wether the Foley catheter had not expelled spontaneously. When the 
Bishop score remained <6; the location of the Foley catheter was evaluated and a new Foley was 
placed after 24 or 48 hours, depending on the preference of the participating centre. Women 
allocated to oral misoprostol received a 50 microgram misoprostol capsule every 4 hours, with a 
maximum of three times a day. In both groups, when there was a Bishop score of >6, membranes 
were ruptured and if necessary oxytocin augmentation was started. The primary outcome was a 
composite outcome of neonatal asphyxia (defined as a neonatal arterial umbilical cord pH of ≤7.05 
and/or 5 minute Apgar score <7) and/or postpartum haemorrhage (defined as an estimated blood 
loss of ≥1000ml ascertained over 24 h postpartum). This combined outcome was chosen because 
both conditions are considered to be a result of hyperstimulation. The trial was designed as a non-
inferiority trial, and we calculated our sample size with a power of 80% and a one-sided 0.05 risk of 
type 1 error. We needed 1,860 women (930 per group) to demonstrate non-inferiority, i.e. that the 
absolute difference in the composite outcome was less that 5% increase in the misoprostol group 
compared to the Foley catheter group.  

Chapter four presents the results of the PROBAAT-II study. We performed an open-label randomised 
non-inferiority trial in 29 hospitals in the Netherlands. Women with a term singleton pregnancy in 
cephalic presentation, an unfavourable cervix, intact membranes, and without a previous caesarean 
section who were scheduled for induction of labour were randomly allocated to cervical ripening 
with 50 microgram oral misoprostol once every 4h or to a 30 mL transcervical Foley catheter. 
Between July 2012 and October 2013, we randomly assigned 932 women to oral misoprostol and 927 
women to Foley catheter. The primary outcome was a composite of asphyxia (pH ≤7.05 or 5-min 
Apgar score <7) or post-partum haemorrhage (≥1000 mL). The composite primary outcome occurred 
in 113 (12.2%) of 924 participants in the misoprostol group versus 106 (11.5%) of 921 in the Foley 
catheter group (RR 1.06, 90% CI 0.86–1.31). The proportion of patients who had a caesarean section 
was comparable (in 155 (16.8%) women receiving oral misoprostol versus 185 (20.1%) women 
receiving a Foley catheter; RR 0.84, 95% CI 0.69–1.02, p-value 0.067), with fewer caesarean sections 
performed as a result of failure to progress in the first stage of labour in the oral misoprostol group 
as compared to Foley catheter group (57 women (6.2%) versus 98 women (10.6%); RR 0.58, 95% CI 
0.42–0.79, p-value <0.001). There were more vaginal instrumental deliveries in the misoprostol 
group than in the Foley catheter group (125 women (13.5%) versus 88 women (9.6%), RR 1.41, 95% 
CI 1.09–1.83, p-value 0.0076). In conclusion, in women with an unfavourable cervix at term, 
induction of labour with oral misoprostol and Foley catheter has a similar safety and effectiveness 
profile. 
 
Chapter five represents an economic analysis of Foley catheter compared to oral misoprostol for 
induction of labour at term. This study was conducted alongside the PROBAAT-II study. We estimated 
direct medical costs associated with healthcare utilisation from randomisation until discharge. The 
robustness of our findings was evaluated in sensitivity analyses. Mean costs per woman in the oral 
misoprostol group and in the Foley catheter group were €4470 versus €4158, respectively (mean 
difference €312 (95% confidence interval (CI) -€508 to €1063)). This difference was mainly driven by 
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longer labour ward occupation in the oral misoprostol group. Multiple sensitivity analyses did not 
change these conclusions. When cervical ripening for low-risk pregnancies in the Foley catheter 
group would be carried out in an outpatient setting, with admittance to labour ward at start of active 
labour, the costs would have been €4470 versus €3489, respectively (mean difference €981 (95% CI 
€225 to €1817)). Thereby, we conclude that oral misoprostol and Foley catheter generate 
comparable costs and outpatient induction with a Foley catheter could potentially save €981 per 
woman. 

 
Chapter six reports on the experiences with and preferences for induction of labour with a Foley 
catheter or oral misoprostol. This study was performed alongside the PROBAAT-II trial.  In 18 of the 
29 participating hospitals in the PROBAAT-II trial, women were asked to complete a questionnaire 
within 24 hours after delivery. We adapted a validated questionnaire about expectancy and 
experience of labour and asked women whether they would prefer the same method again in a 
future pregnancy. The questionnaire was completed by 502 (72%) of 695 eligible women; 273 (54%) 
had been randomly allocated to oral misoprostol and 229 (46%) to Foley catheter. Experience of 
duration of labour, pain during labour, general satisfaction with labour and feelings of control and 
fear related to their expectation were comparable in both groups. In the oral misoprostol group, 16 
women (6%) would prefer the other method if induction is necessary in future pregnancy, versus 27 
women (12%) in the Foley catheter group (RR 0.70, 95%CI 0.55–0.90, P-value 0.02). Multivariate 
analyses showed that the women preferring the switch to the alternative method in future 
pregnancies was not influenced by mode of delivery, time from randomization to delivery, the use of 
analgesics and postpartum admission of mother and/or child. Therefore, we conclude that women’s 
experiences of labour after induction with oral misoprostol or Foley catheter are comparable. 
However, women in the Foley catheter group prefer more often to choose a different method for 
future inductions. 
 
Chapter seven is a systematic review and meta-analysis of studies comparing Foley catheter to 
different dosages and administration routes of misoprostol. We reviewed the literature and assessed 
induction methods on their safety and effectiveness profile. Main outcomes for safety were 
hyperstimulation (>5 contractions/10 min over a minimal period of two times ten minutes with FHR 
changes (defined as a non-reassuring CTG by treating physician)), meconium stained liquor, 
caesarean section for non-reassuring FHR, vaginal instrumental delivery for non-reassuring FHR, 
postpartum haemorrhage, arterial umbilical cord pH <7.05, Apgar score <7, neonatal intensive care 
admission and neonatal mortality. Main outcomes for effectiveness of induction of labour were total 
caesarean section rate, caesarean section for failure to progress in the first stage and total vaginal 
instrumental deliveries. We searched PubMed, Cochrane and Web of Science from January 1st 1980 
to February 12th 2016. We included 22 randomised controlled trials comparing Foley catheter with 
or without misoprostol to misoprostol alone (both vaginal and oral) for induction of labour (5,015 
women). Most included studies were underpowered to detect differences in safety outcomes, as the 
majority was powered for time to delivery or caesarean section. Meta-analysis of these studies does 
not allow a sufficiently powered comparison of the safety profile of Foley catheter compared to 
different administration routes and dosages of misoprostol. Comparison of the total group of Foley 
catheter versus misoprostol (any dose, any administration route) (17 studies, 4,234 women) shows 
that Foley catheter results in less hyperstimulation compared to misoprostol (37 women (2%) versus 
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71 women (4%), RR 0.54, 95%CI 0.37-0.79) and fewer caesarean sections for non-reassuring fetal 
heart rate 81 women (5%) versus 112 women (7%), RR 0.72 95%CI 0.55-0.95), while there were no 
statistically significant differences in neonatal outcomes. The total amount of women delivering 
through a caesarean section was 539 (26%) versus 469 (22%) (RR 1.16, 95%CI 1.00-1.34). There were 
fewer vaginal instrumental deliveries after induction with a Foley catheter compared to misoprostol 
(139 women (10%) versus 190 women (14%), RR 0.74, 95%CI 0.60-0.91). Foley catheter with 
misoprostol compared to misoprostol alone (any dose, any administration route) (7 studies, 1073 
women) resulted in less hyperstimulation then misoprostol alone (52 women (17%) versus 82 
women (23%), RR 0.71, 95%CI 0.52-0.97). Caesarean sections for non-reassuring fetal heart rate were 
comparable (29 women (7%) versus 41 women (9%), RR 0.79, 95%CI 0.51-1.22). Neonatal outcomes 
were infrequently reported. The total number of caesarean sections was 176 (34%) versus 187 (34%) 
(RR 1.01, 95%CI 0.86-1.19). In conclusion, in women with an unripe cervix at term, Foley catheter 
seems to have a better safety profile than misoprostol (any dose, any administration route) for 
induction of labour. Larger studies are needed to investigate the safety profile of a Foley catheter 
compared to separate dosing and administration regimens of misoprostol. 

 
 

147



149

8

147 
 

General  discussion  
	  
The	  main	   goal	   of	   labour	   induction	   is	   to	   establish	   vaginal	   delivery	   in	   a	   safe	  manner.	  When	   vaginal	  
delivery	   is	   not	   achieved	   in	  women	  with	   a	   sound	   indication	   for	   induction,	   or	  when	   significant	   side	  

effects	  for	  mother	  or	  baby	  occur,	  planned	  caesarean	  section	  is	  probably	  a	  better	  option.	  Therefore,	  
studies	   assessing	   different	   methods	   for	   induction	   of	   labour	   should	   provide	   insight	   in	   safety	   and	  

effectiveness,	  thus	  allowing	  women	  and	  their	  care	  givers	  to	  balance	  these	  two.	  
	  

Safety  
The	   major	   safety	   concern	   in	   induction	   of	   labour	   is	   hyperstimulation,	   resulting	   in	   asphyxia,	  
interventions	   for	   fetal	   distress	   (vaginal	   instrumental	   delivery,	   caesarean	   section),	   and	   postpartum	  
haemorrhage.	   Different	   methods	   and	   dosing	   regimens	   and	   administration	   routes	   for	   induction	   of	  

labour	  have	  different	  safety	  and	  effectiveness	  profiles.	  
Induction	   of	   labour	   with	   Foley	   catheter	   compared	   to	   25	   microgram	   vaginal	   misoprostol	   reduced	  
hyperstimulation	  with	   fetal	   heart	   rate	   changes	   (chapters	   two	   and	   six).	   In	   our	   comparison	   of	   Foley	  

catheter	   to	   oral	   misoprostol,	   this	   difference	   was	   not	   statistically	   significant	   (chapter	   four).	   Foley	  
catheter	  with	  concurrent	  use	  of	  misoprostol	  as	  compared	  to	  misoprostol	  alone	  (chapter	  six),	  showed	  
fewer	   cases	  of	  hyperstimulation	  with	   fetal	   heart	   rate	   changes.	  Use	  of	   a	   Foley	   catheter	   for	   cervical	  

ripening	   resulted	   in	   fewer	   caesarean	   sections	   for	   non-‐reassuring	   fetal	   heart	   rate	   as	   compared	   to	  
induction	   with	   misoprostol	   as	   a	   whole	   (if	   all	   dosages,	   and	   administration	   routes	   were	   viewed	  
together,	  chapter	  six).	  When	  induction	  with	  the	  Foley	  catheter	  was	  compared	  to	  separate	  dosing	  and	  

administration	   regimes	   for	   induction	  with	  misoprostol,	   this	   difference	  was	   not	   significant	   (chapter	  
two,	   four	   and	   six).	   Vaginal	   instrumental	   delivery	   for	   non-‐reassuring	   fetal	   heart	   rate	   did	   not	   differ	  
between	   Foley	   catheter	   and	   misoprostol,	   however	   when	   investigating	   all	   vaginal	   instrumental	  

deliveries,	  they	  occur	  less	  often	  when	  labour	  is	  induced	  with	  a	  Foley	  catheter	  (chapter	  two,	  four	  and	  
six).	  Other	  safety	  outcomes	  such	  as	  postpartum	  haemorrhage,	  umbilical	  cord	  pH	  <7.05,	  Apgar	  score	  
<7	   at	   5	  minutes,	   neonatal	   intensive	   care	   unit	   admission	   and	   neonatal	  mortality	   were	   comparable	  

between	   Foley	   catheter	   induction	   and	   different	   misoprostol	   dosages	   and	   administration	   routes	  
(chapter	  two,	  four	  and	  six).	  
	  

Although	  numbers	   of	   pregnant	  women	   are	   high,	   research	   on	   induction	   of	   labour,	   like	  many	   other	  
research	  subjects	  in	  obstetrics,	   is	  difficult,	  as	  relevant	  outcomes	  that	  are	  studied	  are	  relatively	  rare,	  
and	   the	   populations	   are	   clinically	   heterogeneous.	   This	   has	   resulted	   in	   publication	   of	   numerous	  

smaller	  studies,	  with	  different	  in-‐	  and	  exclusion	  criteria,	  and	  with	  limited	  power	  to	  detect	  differences	  
in	   relevant	   safety	   outcomes.	   This	   complicates	   the	   generation	   of	   definitive	   answers	   relevant	   for	  
clinical	   practice,	   especially	   for	   safety	   issues.	   As	   a	   consequence,	   results	   on	   safety	   need	   to	   be	  

interpreted	   with	   caution.	   The	   absence	   of	   a	   significant	   difference	   does	   not	   prove	   that	   compared	  
methods	   are	  equally	   safe.	   For	   example,	   to	  detect	   a	   clinical	   relevant	  difference	   in	   arterial	   umbilical	  
cord	  pH	  <7.05	  of	  0.5%	  (from	  2.2%	  to	  1.7%),	  with	  a	  power	  of	  80%	  and	  an	  alpha-‐error	  of	  5%,	  we	  would	  

need	  a	  randomised	  controlled	  trial	  with	  more	  than	  12.000	  women.	  While	  this	  seems	  very	  difficult	  to	  
realize,	  we	   showed	   that	   a	   sample	   size	   of	   around	   2.000	  women	   is	   very	   feasible.	   Nevertheless,	   the	  
majority	  of	  induction	  of	  labour	  studies	  does	  not	  reach	  such	  sample	  sizes,	  as	  most	  reports	  are	  on	  less	  

than	  1,000	  women.	  Such	  studies	  do	  not	  allow	  definite	  conclusions	  on	  safety.	  
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An	  option	  to	  address	  this	  issue	  is	  to	  perform	  a	  retrospective	  cohort	  study,	  as	  these	  are	  generally	  less	  

costly	  than	  randomised	  controlled	  trials,	  and	  therefore	  more	  likely	  to	  include	  much	  larger	  groups	  of	  
subjects	  and	  evaluate	  rarely	  occurring	  safety	  outcomes3.	  
The	  issue	  can	  also	  be	  solved	  by	  combining	  randomised	  controlled	  trials	  in	  meta-‐analysis,	  as	  we	  did	  in	  

chapter	   six.	   However,	   even	   in	   our	   meta-‐analysis	   the	   number	   of	   women	   remained	   low	   while	  
characteristics	  of	  women	  such	  as	  pregnancy	  duration,	  Bishop	  Score,	  intact	  or	  ruptured	  membranes,	  
and	  populations	  studied	  varied	  between	  the	  studies.	  Investigation	  of	  relatively	  rare	  safety	  outcomes	  

can	  also	  be	  assessed	  with	  network	  meta-‐analysis,	  in	  which	  data	  of	  all	  studies	  that	  investigate	  either	  
Foley	   catheter	   or	   misoprostol	   are	   included.	   Therewith,	   also	   studies	   that	   do	   not	   directly	   compare	  
these	  methods	  one	  on	  one	  can	  be	  used.	  	  

Chen	  and	  colleagues	  compared	  oral	  misoprostol	  to	  vaginal	  misoprostol	   in	  a	   large	  systematic	  review	  
and	   network	   meta-‐analysis4.	   They	   found	   vaginal	   misoprostol	   (all	   dosages)	   to	   have	   the	   highest	  
probability	  to	  induce	  hyperstimulation	  with	  fetal	  heart	  rate	  changes	  and	  Foley	  catheter	  to	  have	  the	  

lowest	   probability.	   Oral	  misoprostol	   (all	   dosages)	   had	   the	   lowest	   probability	   of	   caesarean	   section.	  
Another	  network	  meta-‐analysis	  by	  Alfirevic	  et	  al.	  compared	  all	  induction	  methods	  (including	  oral	  and	  
vaginal	   misoprostol,	   Foley	   catheter,	   and	   prostaglandin	   E2	   preparations)	   to	   placebo.	   From	   these	  

methods,	  ≥50	  microgram	  vaginal	  misoprostol	  and	  ≥50	  microgram	  oral	  misoprostol	  had	   the	  highest	  
probability	  of	  uterine	  hyperstimulation	  with	  fetal	  heart	  rate	  changes	  compared	  to	  placebo.	  Titrated	  
oral	   misoprostol	   achieved	   the	   lowest	   probability	   of	   caesarean	   section.	   Neither	   of	   these	   network	  

meta-‐analysis	  included	  neonatal	  or	  maternal	  mortality	  and	  serious	  morbidity	  because	  these	  were	  too	  
rare	   or	   poorly	   reported	   for	   meaningful	   analysis.	  However,	   from	   the	   safety	   results	   that	   are	   given,	  
these	  network	  meta-‐analysis	  affirm	  oral	  administration	  of	  all	  possible	  administration	  routes	  to	  be	  the	  

best	  available	  option.	  
A	  more	  novel	  method	  of	  evidence	  synthesis	   is	   Individual	  Patient	  Data	  Meta-‐Analysis	   (IPD-‐MA).	  This	  
method	  aims	   to	   compare	   the	  different	   interventions	   evaluated	   in	   randomised	   clinical	   trials	   on	   the	  

level	  of	  individual	  patient	  data.	  The	  advantage	  of	  an	  IPD-‐MA	  is	  that	  it	  has	  the	  potential	  to	  overcome	  
the	  choice	  of	  heterogeneous	  endpoints	  and	  standardisation	  of	  inclusion	  and	  exclusion	  criteria	  across	  
studies.	  Also,	  IPD-‐MA	  allows	  a	  better	  analysis	  among	  subgroups	  of	  patients,	  thus	  facilitating	  a	  more	  

personalized	   approach	   to	   women	   in	   whom	   labour	   is	   induced.	   For	   example,	   various	   induction	  
methods	   might	   have	   different	   effect	   in	   multiparous	   and	   nulliparous	   women,	   women	   at	   different	  
gestational	   ages	   and	   with	   different	   indications	   for	   induction	   of	   labour.	   Therefore,	   it	   would	   be	  

interesting	  to	  perform	  an	  IPD-‐MA	  on	  safety	  outcomes	  such	  as	  hyperstimulation	  with	  fetal	  heart	  rate	  
changes,	   vaginal	   instrumental	   delivery	   or	   caesarean	   section	   due	   to	   fetal	   distress	   and	   neonatal	  
mortality	   and	  morbidity	   such	  as	   low	  Apgar	   score,	   low	  umbilical	   cord	  pH,	   asphyxia	  and	  postpartum	  

haemorrhage.	  
	  
Systematic	  reviews,	  including	  our	  systematic	  review	  in	  chapter	  six,	  have	  included	  studies	  comparing	  

different	   dosing	   regimens	   and	   administration	   routes	   of	   misoprostol,	   and	   add	   them	   up	   in	   meta-‐
analyses4,5.	   Not	   only	   the	   dosage	   and	   the	   route	   of	   administration,	   but	   also	   the	   intervals	   between	  

different	  dosages	  of	  misoprostol	  could	  influence	  the	  effects	  and	  side-‐effects	  when	  used	  for	  induction	  
of	   labour.	  As	  described	   in	   the	   introduction,	  when	  used	  vaginally,	   ’low-‐dose’	   regimens	  with	   two-‐	   to	  
four-‐hourly	   administrations	  may	   result	   in	   a	   higher	   cumulative	   dose	   over	   24	   hours	   than	  when	   the	  

comparative	  oral	   dose	   is	   used.	   This	  might	   be	   an	   explanation	  why	  orally	   administrated	  misoprostol	  
has	  a	  comparable	  safety	  profile	  to	  Foley	  catheter,	  whereas	  vaginal	  misoprostol	  seems	  to	  be	  inferior.	  
Furthermore,	   the	   plasma	  peak	   levels	   of	   oral	  misoprostol	   are	   the	   highest	   after	   20-‐30	  minutes,	   and	  
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they	  quickly	  decline	  until	  low	  levels	  after	  2	  hours.	  Therefore,	  from	  a	  pharmacokinetic	  point	  of	  view,	  

optimal	   use	   of	  misoprostol	  would	   be	   oral	   administration,	   in	   2	   hourly	   intervals	   until	   start	   of	   active	  
labour	  or	  ≥3	  contractions	  in	  10	  minutes.	  To	  affirm	  this	  knowledge	  in	  clinical	  practice,	  future	  studies	  
need	  to	  be	  done,	  with	  different	  interval	  schemes.	  	  

	  
In	   conclusion,	   in	   induction	   of	   labour,	   the	   Foley	   catheter	   has	   a	   better	   safety	   profile	   than	   vaginal	  
administration	   of	  misoprostol	   (all	   dosages),	   and	   a	   comparable	   safety	   profile	   to	   50	  microgram	  oral	  

misoprostol.	  However,	  for	  the	  detection	  of	  differences	  in	  rare	  serious	  adverse	  events,	  larger	  studies	  
are	   needed.	   For	   the	   combination	   of	   Foley	   catheter	   with	   misoprostol	   compared	   to	   Foley	   catheter	  
alone	  there	  are	  not	  enough	  data	  to	  draw	  definite	  conclusions	  on	  safety	  profile.	  	  

  
Effectiveness  
The	   main	   effectiveness	   outcome	   in	   this	   thesis	   was	   vaginal	   delivery,	   which	   is	   the	   main	   aim	   of	  

induction	  of	  labour.	  Vaginal	  delivery	  can	  obviously	  be	  expressed	  as	  its	  reciproke,	  caesarean	  section.	  
Caesarean	   section	   has	   the	   advantage	   that	   this	   outcome	   is	   straightforward	   and	   well	   documented.	  
However,	  the	  choice	  of	  caesarean	  section	  as	  an	  outcome	  is	  debatable,	  as	  it	  is	  an	  intervention	  and	  not	  

a	   side-‐effect	   or	   complication.	   Complications	   or	   side-‐effects	   that	   lead	   to	   a	   caesarean	   section	   in	  
labouring	  women	  are	  mostly	  non-‐progressive	  labour	  and	  suspected	  fetal	  distress.	  We	  believe	  it	  to	  be	  
important	   to	   distinguish	   between	   these	   indications,	  making	   caesarean	   section	   for	   fetal	   distress	   an	  

important	   safety	   outcome	   and	   a	   caesarean	   section	   for	   non-‐progressive	   labour	   an	   important	  
effectiveness	  outcome.	  Other	  outcome	  measures	  for	  effectiveness	  are	  changes	  in	  Bishop	  Score,	  time	  
to	  delivery	  and	  delivery	  within	  24	  hours.	  	  

	  
In	  chapters	  two,	   four	  and	  six	  we	  found	  that	   induction	  with	  Foley	  catheter	  or	  misoprostol	   is	  equally	  
effective,	   as	   the	   caesarean	   section	   rates	   were	   comparable.	   In	   chapter	   four,	   we	   found	   that	   in	   the	  

Foley	  catheter	  group,	  more	  caesarean	  section	  for	  failure	  to	  progress	  occurred	  compared	  to	  the	  oral	  
misoprostol	  group.	  An	  explanation	  for	  this	  difference	  could	  be	  that	  the	  diagnosis	  failed	  induction	  was	  
made	   to	   early,	   with	   unclear	   definitions	   of	   failed	   induction	   in	   the	   protocol	   (chapter	   three).	  

Furthermore,	   there	   is	   no	   clear	   definition	   of	   labour	   arrest/failure	   to	   progress	   in	   our	   protocol.	   Also	  
internationally,	   there	   is	  a	  discussion	  on	  how	  to	  determine	  failure	  to	  progress	   in	   labour.	   	  Zhang	  and	  
colleagues	  conclude	  that	  in	  spontaneous	  labour	  a	  two	  hour	  threshold	  for	  diagnosing	  labour	  arrest	  is	  

too	   short	   before	   six	   cm,	   with	   a	   95th	   percentile	   of	   six	   hours	   from	   four	   to	   five	   cm	   dilatation	   in	  
nulliparous	  women6.	   Furthermore,	   as	   Rinehart	   and	   colleagues	   attentively	   pose,	   the	   standards	   that	  
we	  commonly	  use	  to	  evaluate	  adequate	  progress	  of	  labour	  should	  not	  be	  applied	  to	  women	  in	  whom	  

labour	   is	   induced7.	  Additionally,	   the	  diagnosis	  of	   labour	  arrest	   should	  be	   reserved	   for	  women	  who	  
have	  actually	  entered	  the	  active	  phase	  of	  labour,	  as	  only	  after	  a	  dilatation	  of	  six	  cm	  is	  reached	  during	  
induction,	   labour	   progress	   is	   similar	   to	   women	   in	   spontaneous	   labour,	   and	   the	   active	   phase	   or	  

accelerative	  phase	  only	  starts	  after	  five	  cm	  of	  dilatation8,9.	  	  We	  therefore	  believe	  that	  with	  more	  time	  
and	   patience	   we	  might	   even	   be	   able	   to	   reduce	   the	   total	   amount	   of	   caesareans	   performed	   when	  

inducing	  with	  a	  Foley	  catheter	  compared	  to	  inducing	  with	  misoprostol.	  
	  
Another	   effect	   measure	   investigated	   in	   chapters	   two	   and	   four	   is	   time	   to	   delivery.	   Chapter	   two	  

describes	   a	   slower	   delivery	  when	   induced	  with	   Foley	   catheter	   compared	   to	   25	  microgram	   vaginal	  
misoprostol,	   with	   a	  median	   time	   from	   start	   induction	   to	   birth	   of	   36	   hours	   for	   the	   Foley	   catheter	  
group	  compared	  to	  25	  hours	  for	  the	  25	  microgram	  vaginal	  misoprostol	  group.	  Chapter	  four	  shows	  us	  
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that	  within	   the	   first	   30	   hours,	   induction	  of	   labour	  with	   oral	  misoprostol	   is	   significantly	   faster	   than	  

induction	  with	   Foley	   catheter.	   However,	  when	   a	  woman	  did	   not	   deliver	   after	   30	   hours,	   the	   effect	  
reverses,	   and	   Foley	   catheter	   is	   faster	   than	   oral	   misoprostol.	   The	   mean	   time	   to	   delivery	   for	   oral	  
misoprostol	   is	   29	   hours,	   were	   for	   Foley	   catheter	   it	   is	   30	   hours.	   We	   need	   to	   understand	   if	   this	  

difference	  is	  actually	  due	  to	  the	  ripening	  method	  or	  to	  the	  protocols	  used	  for	  induction	  of	  labour.	  As	  
the	  Foley	  catheter	  does	  not	  induce	  contractions,	  most	  women	  slept	  during	  the	  night.	  As	  a	  result	  start	  
of	  active	  labour	  was	  deferred	  till	  the	  next	  morning,	  even	  if	  the	  women	  had	  completed	  the	  ripening	  

process	   during	   the	   night.	   In	   contrast,	   misoprostol	   does	   induce	   uterine	   contractions,	   therefore	  
women	   in	   this	   group	   were	   examined	   more	   often	   (Chapter	   four).	   As	   a	   result,	   amniotomy	   was	  
performed	  earlier	  (also	  during	  the	  night)	  than	  in	  the	  Foley	  catheter	  group.	  If	  this	  hypothesis	  is	  true,	  

Foley	  catheter	  may	  even	  be	  faster	  than	  oral	  misoprostol	  in	  achieving	  vaginal	  birth.	  
As	  an	  example,	  in	  the	  PROBAAT-‐P	  study,	  both	  women	  in	  the	  Foley	  catheter	  group	  and	  women	  in	  the	  
prostaglandin	   inserts	   group	  were	  generally	   examined	   in	   the	  morning,	   and	  no	  difference	   in	   time	   to	  

birth	  was	  found	  in	  this	  comparison2.	  However,	  even	  more	  important	  is	  the	  question	  of	  the	  relevance	  
of	  a	  fast	  delivery.	  The	  Cochrane	  collaboration,	  WHO	  and	  NICE	  established	  that	  birth	  within	  24	  hours	  
of	   the	   start	   of	   induction	   is	   the	   ‘clinically	   most	   relevant	   measure	   of	   effectiveness	   for	   trials	  

investigating	  methods	  of	   labour	   induction’.	   As	   a	   consequence,	  most	   studies	   on	  different	   induction	  
methods	   uses	   time	   to	   delivery	   or	   delivery	   within	   24	   hours	   as	   primary	   outcome.	   Furthermore,	   as	  
discussed	  in	  chapter	  six,	  many	  studies	  use	  a	  maximum	  duration	  of	  cervical	  ripening	  of	  24	  hours.	  If	  not	  

delivered	  or	  in	  active	  labour	  within	  this	  time	  frame,	  the	  conclusion	  of	  failed	  induction	  is	  drawn,	  and	  a	  
caesarean	   section	   is	   performed.	   We	   believe	   this	   practice	   to	   be	   arguable,	   as	   the	   goal	   of	   labour	  
induction	  is	  a	  safe	  vaginal	  delivery	  for	  mother	  and	  child	  and	  not	  a	  fast	  delivery.	  

	  
In	   the	   evaluation	  of	   induction	  method	  effectiveness,	   the	   indication	   for	   labour	   induction	   should	  be	  
considered	  as	  well.	  For	  example,	  in	  women	  with	  severe	  preeclampsia,	  fast	  delivery	  might	  be	  crucial	  

to	   prevent	   the	   occurrence	   of	   serious	   complications	   such	   as	   eclampsia	   or	  HELLP	   syndrome.	   In	   that	  
case,	   an	   induction	   method	   with	   a	   high	   chance	   of	   fast	   delivery	   is	   required,	   accepting	   possible	  
induction	   induced	   safety	   risks	   (higher	   change	   of	   instrumental	   delivery,	   hyperstimulation	   and	  

postpartum	   haemorrhage)	   as	   they	   outweigh	   the	   risk	   of	   continuing	   the	   pregnancy.	   Instead,	   when	  
mother	   and	   child	   are	   in	   a	  more	   stable	   situation	  more	   time	   until	   delivery	   is	   allowed,	   thus	  making	  
uncomplicated	  induction	  a	  higher	  priority	  over	  speed	  of	  induction.	  	  

Indications	   in	   which	   fast	   delivery	   is	   crucial	   are	   severe	   preeclampsia	   or	   severe	   gestational	  
hypertension	  (defined	  as	  systolic	  blood	  pressure	  of	  170	  mmHg	  or	  higher,	  diastolic	  blood	  pressure	  of	  
110	  mmHg	  or	  higher,	  or	  proteinuria	  of	  5g	  or	  higher	  per	  24h),	  and	  HELLP	  syndrome10.	  As	  early	  delivery	  

by	   induction	   of	   labour	   in	   these	  women	   can	   help	   prevent	   severe	   pregnancy	   complications	   such	   as	  
eclampsia,	   intracerebral	   haemorrhage,	   liver	   rupture,	   haemorrhage	   from	   placental	   abruption	   and	  
even	  maternal	  death11,12.	  Other	   indications	   that	   justify	   fast	  delivery	  are	   term	  pre-‐labour	   rupture	  of	  

membranes	  with	   a	   positive	  GBS	   culture,	   and	   chorioamnionitis,	   as	  with	   these	   indications	   there	   is	   a	  
plausible	  risk	  for	  the	  development	  of	  maternal	  or	  neonatal	  sepsis13,14,	  15,16.	  

For	   all	   the	   other	   indications,	   induction	   of	   labour	   and	   delivery	   of	   the	   baby	   lowers	   the	  maternal	   or	  
neonatal	   morbidity	   and	   mortality	   compared	   to	   expectant	   management,	   but	   the	   risk	   does	   not	  
increase	  significantly	  from	  one	  day	  to	  another.	  In	  these	  cases	  a	  safe	  delivery	  is	  more	  important	  than	  a	  

fast	  one	  and	  we	  consider	   induction	  of	   labour	  up	  to	  4	  days	  to	  be	  acceptable.	  We	  would	  suggest	  the	  
following	   indications:	   pre-‐existing	   hypertension	   (defined	   as	   hypertension	   occurring	   before	   the	   20th	  
week	   of	   gestation17),	   pregnancy	   induced	   hypertension	   and	   mild	   pre-‐eclampsia	   (with	   an	   elevated	  
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blood	   pressure	   after	   20	  weeks	   of	   gestation	   in	   the	   absence	   of	   proteinuria	   or	  with	  mild	   proteinuria	  

(between	   0.3	   and	   5	   grams	   over	   24	   hours10),	   postdates	   (>41	   weeks)	   and	   post	   term	   (>42	   weeks)	  
pregnancies,	  diabetes	  (type	  1,	  type	  2	  and	  gestational	  diabetes,	  whereas	  the	  later	  one	  comprises	  90%	  
of	  all	  diabetes	  cases	  in	  pregnancy18-‐20),	  suspected	  macrosomia	  (defined	  as	  an	  estimated	  weight	  of	  at	  

least	   4000	  g	   or	   a	   weight	   for	   gestational	   age	   >90th	   percentile,	   though	   multiple	   definitions	   are	  
applied21),	   oligohydramnios,	   multiple	   gestation,	   preterm	   rupture	   of	   membranes	   (without	   GBS	  
colonization),	  cholestasis	  of	  pregnancy,	  maternal	  age,	  elective	  reasons	  such	  as	  psychosocial,	  history	  

of	  intrauterine	  death,	  logistic	  indications,	  and	  intra	  uterine	  growth	  restriction	  (defined	  as	  fetal	  weight	  
below	   the	   10th	   percentile,	   fetal	   abdominal	   circumference	   below	   the	   10th	   percentile,	   flattening	   of	  
the	   growth	   curve	   in	   the	   third	   trimester	   or	   the	  presence	  of	  more	   than	  one	  of	   these	   factors21).	   The	  

latter	  group	  might	  have	  a	  higher	  risk	  to	  be	  compromised	  by	  uterine	  contractions.	  As	  Foley	  catheter	  
only	   facilitates	   cervical	   ripening	  and	  does	  not	   induce	   contractions,	   Foley	   catheter	  might	  be	  a	   safer	  
option	   than	   oral	   misoprostol	   aspecially	   in	   this	   group.	   To	   affirm	   this	   assumption	   we	   would	   like	   to	  

perform	  a	  secondary	  analysis	  on	  all	  PROBAAT	  data	  combined.	  
	  
In	   conclusion,	   if	   we	   leave	   the	   idea	   that	   women	   should	   deliver	   within	   24	   hours	   from	   the	   start	   of	  

induction,	   and	   if	   we	   distinguish	   different	   indications	   for	   induction	   of	   labour,	   we	   could	   prevent	  
unnecessary	  caesarean	  sections	  for	  failure	  to	  progress	  and	  herewith	  prevent	  possible	  maternal	  and	  
neonatal	  morbidity.	  

	  

Costs  
As	  mentioned	  in	  the	  introduction,	  induction	  of	  labour	  is	  one	  of	  the	  most	  frequently	  used	  obstetrical	  

interventions.	  Currently	  in	  20-‐30%	  of	  all	  pregnant	  women	  labour	  is	  induced,	  and	  this	  number	  is	  still	  
rising22.	   In	  view	  of	   the	   financial	  pressure	  on	   the	  health	  care	  budget,	   costs	  become	  more	  and	  more	  
important,	  especially	  when	  safety	  and	  effectiveness	  of	  two	  induction	  methods	  are	  comparable.	  	  

In	  chapter	  five,	  we	  have	  assessed	  the	  direct	  medical	  costs	  of	  induction	  of	  labour	  using	  Foley	  catheter	  
compared	   to	   oral	   misoprostol.	   The	   mean	   costs	   of	   the	   two	   different	   induction	   methods	   were	  
comparable	  and	  the	  costs	  differences	  predominantly	  originated	  from	  duration	  of	   labour	  ward	  stay.	  

Women	  receiving	  oral	  misoprostol	  had	  non-‐significant	  higher	  costs	  due	  to	   longer	   labour	  ward	  stay.	  
This	  might	  be	  explained	  by	   the	  underlying	  working	  mechanism.	  As	  oral	  misoprostol	  not	  only	  ripens	  
the	  cervix,	  but	  also	  facilitates	  uterine	  contractions,	  women	  could	  have	  been	  admitted	  to	  the	  labour	  

room	   in	   an	   earlier	   stage	  of	   labour23.	   In	   contrast,	   the	   Foley	   catheter	   only	   facilitates	   ripening	  of	   the	  
cervix,	   thereby	   making	   it	   a	   possible	   safe	   option	   for	   induction	   of	   labour	   in	   a	   ward	   or	   even	   an	  
outpatient	   setting.	   In	   chapter	   five	   we	   assessed	   the	   possible	   cost	   difference	   for	   an	   outpatient	  

scenario.	  When	  cervical	   ripening	   in	  the	  Foley	  catheter	  group	  would	  be	  carried	  out	   in	  an	  outpatient	  
setting,	  costs	  differences	  could	  be	  almost	  €1,000	  per	  induced	  woman.	  	  

Women’s  preferences  
It	   is	  more	  and	  more	  accepted	  that	  women	  are	   involved	   in	  medical	  decisions	  and	  choices	   regarding	  
their	  own	  health,	  and	  shared	  decision	  making	   is	   recognized	  as	  a	   tool	   to	  do	  so.	  When	  effectiveness	  
and	   safety	  profiles	  of	   certain	   induction	  methods	  are	   comparable,	   the	  woman’s	  point	  of	   view	   is	   an	  

essential	  item.	  We	  know	  from	  previous	  studies	  that	  women	  who	  had	  their	  labour	  induced	  had	  a	  less	  
positive	   birth	   experience	   compared	   to	   a	   spontaneous	   start	   of	   labour24,25.	   Unfortunately,	   many	  
studies	  comparing	  different	  induction	  methods	  do	  not	  include	  women’s	  preferences	  in	  the	  outcome	  

measures.	  Until	  now,	  there	  are	  no	  validated	  questionnaires	  to	  address	  this	  issue.	  	  
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In	  chapter	  6,	  we	  evaluated	  the	  experiences	  with	  and	  preferences	  for	  induction	  of	  labour	  with	  a	  Foley	  

catheter	  or	  oral	  misoprostol.	  We	  used	  questions	  from	  a	  validated	  questionnaire	  made	  by	  Wijma	  et	  
al26.	  Experience	  of	  the	  duration	  of	  labour,	  general	  satisfaction	  with	  labour,	  and	  feelings	  of	  control	  and	  
fear	   related	   to	   expectation,	   as	   well	   as	   pain	   perception	   were	   comparable	   in	   both	   groups.	   More	  

women	   in	   the	   Foley	   catheter	   group,	   compared	   to	   oral	   misoprostol,	   would	   prefer	   an	   alternative	  
method	  if	  induction	  would	  be	  required	  in	  a	  future	  pregnancy.	  As	  multivariate	  analysis	  on	  the	  subject	  
showed	  that	  factors	  such	  as	  mode	  of	  delivery,	  time	  to	  delivery,	  the	  use	  of	  analgesics	  and	  admission	  

postpartum	  had	  no	  influence	  on	  this	  outcome,	  other	  circumstances	  should	  be	  at	  hand.	  Unfortunately	  
we	  did	  not	   include	  a	  question	  on	  why	  women	  would	  prefer	   another	  method	   for	   labour	   induction.	  
One	  hypothesis	  is	  that	  Foley	  placement	  is	  considered	  uncomfortable,	  compared	  to	  administration	  of	  

oral	   tablets.	   Jonsson	   et	   al,	   showed	   that	  women	   could	   experience	  placement	   of	   the	   Foley	   catheter	  
past	  the	  internal	  os	  of	  the	  cervix	  as	  painful27.	  	  
For	   further	   research	   implications,	   it	   is	   important	   to	   develop	   validated	   questionnaires	   for	  women’s	  

experiences	   and	   preferences	   for	   induction	   of	   labour,	   and	   include	   them	   in	   all	   research	   projects	  
comparing	   different	   induction	  methods.	   Previous	   reports	   showed	   that	   most	   relevant	   domains	   for	  
women’s	   overall	   experience	   of	   labour	   are	   the	   availability	   and	   quality	   of	   (emotional)	   care	   received	  

during	  labour,	  worries	  about	  the	  baby’s	  health	  and	  safety	  and	  the	  experienced	  duration	  until	  the	  first	  
contact	  with	  the	  newborn28,29.	  We	  would	  advise	  to	  include	  these	  elements	  in	  a	  future	  questionnaire	  
to	  achieve	  a	  better	  delivery	  -‐specific	  outcome	  measure.	  	  

	  

Outpatient  induction  of  labour  
As	  Foley	  catheter	  induction	  does	  not	  facilitates	  contractions	  during	  the	  ripening	  phase,	  it	  may	  be	  an	  

useful	  method	  for	  an	  outpatient	  setting.	  The	  potential	   for	  adverse	  outcome	  by	  using	  an	  outpatient	  
protocol	   but	  monitoring	   the	  patient	   overnight	   as	   an	   inpatient	  was	   studied	   in	   a	   large	   retrospective	  
cohort	  of	  1905	  women.	  The	  authors	  found	  that	  there	  were	  no	  adverse	  events	  such	  as	  caesarean	  for	  

non-‐reassuring	   fetal	   heart	   tracing,	   abruption	   of	   the	   placenta,	   and	   stillbirth	   occurring	   2	   hours	   after	  
inpatient	   Foley	   insertion	   at	   9-‐11	   pm	   until	   6	   am30.	   Another	   small	   randomised	   trial	   compared	   61	  
women	  with	  outpatient	  cervical	  ripening	  with	  a	  Foley	  catheter	  to	  50	  women	  with	  inpatient	  cervical	  

ripening.	  All	  pregnant	   term	  women	  with	  a	   singleton	   in	  cephalic	  presentation,	  a	   reactive	  non-‐stress	  
test,	  an	  amniotic	   fluid	   index	  above	  the	   fifth	  percentile	  and	  a	  Bishop	  score	  of	  no	  more	  than	  5	  were	  
included.	   Excluded	   were	   women	   with	   a	   placenta	   previa,	   low-‐lying	   placenta,	   undiagnosed	   vaginal	  

bleeding,	  preeclampsia,	  fetal	  anomalies,	   intrauterine	  growth	  restriction,	  Rhesus	   immunisation,	  fetal	  
demise,	   rupture	   of	   the	   membranes,	   maternal	   heart	   disease,	   known	   latex	   allergy,	   active	   genital	  
herpes	  infection,	  poor	  or	  no	  access	  to	  a	  telephone,	  excessive	  distance	  (more	  than	  30	  minutes)	  from	  

the	  hospital,	  and/or	  unreliable	  transportation.	  The	  authors	  found	  both	  methods	  to	  be	  equally	  safe.	  
Nevertheless,	  rare	  adverse	  maternal	  and/or	  fetal	  events	  could	  not	  be	  monitored	  due	  to	  small	  sample	  
sizes	  in	  both	  these	  studies31.	  	  

As	  mentioned	   in	   chapter	   five,	   an	   outpatient	   setting	   for	   induction	   of	   labour	   with	   a	   Foley	   catheter	  
could	  be	  interesting	  from	  an	  economic	  point	  of	  view.	  Furthermore,	  from	  studies	  examining	  women’s	  

preference	  for	  inpatient	  or	  outpatient	  settings	  using	  prostaglandins,	  we	  know	  that	  women	  generally	  
indicate	  a	  preference	  for	  outpatient	  ripening32.	  More	  research	  is	  needed	  to	  determine	  the	  safety	  of	  a	  
home	   induction.	   A	   key	   question	   to	   be	   answered	   before	   induction	   with	   Foley	   catheter	   in	   an	  

outpatient	  setting	  can	  be	  applied	   is	  whether	  complications	  occur	  after	   insertion	  of	   the	  balloon	  but	  
before	   start	   of	   the	   first	   stage	   of	   labour.	   If	   this	   question	   is	   answered	   reassuring,	   induction	   in	   an	  
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outpatient	   setting	   can	  be	   safely	   applied,	  when	   there	   is	   no	   reason	   to	  monitor	   the	   condition	  of	   the	  

pregnant	  woman	  and	  baby	  continuously.	  
Due	   to	   an	   anticipated	   safe	   profile	   of	   Foley	   catheter	   cervical	   ripening,	   outpatient	   cervical	   ripening	  
with	   the	  Foley	  catheter	   is	  already	  occurring.	  Many	  hospitals	   in	   the	  Netherlands	  and	  worldwide	  are	  

already	  implementing	  this	  feature	  in	  their	  labour	  induction	  protocols.	  It	  is	  important	  to	  monitor	  this	  
process.	  We	  have	  therefore	  planned	  a	   large	  prospective	  cohort	  study	  on	  outpatient	   induction	  with	  
Foley	  catheter,	  including	  safety	  outcome	  measures	  and	  women’s	  preferences.	  	  

	  

Implementation  
After	  publication	  of	  the	  PROBAAT	  results	  many	  hospitals	  in	  the	  Netherlands	  already	  switched	  to	  the	  

use	  of	  a	  Foley	  catheter	  as	  first	  choice	  induction	  method.	  After	  publication	  of	  the	  PROBAAT-‐II	  results	  
more	  hospitals	  pitched	  up	  on	  the	  use	  of	  a	  Foley	  catheter.	  We	  would	  recommend	  the	  use	  of	  a	  Foley	  
catheter	  as	  primary	  choice	  for	  all	  indications	  where	  time	  to	  delivery	  is	  less	  urgent,	  and	  if	  not	  effective	  

or	  not	  possible	  oral	  misoprostol	  as	  second	  option.	  For	  other	  indications,	  where	  the	  change	  of	  severe	  
maternal	   and/or	   neonatal	   morbidity	   increases	   by	   the	   hour,	   we	   would	   suggest	   the	   use	   of	   oral	  
misoprostol	  or	  even	  vaginal	  prostaglandins	  as	  primary	  induction	  agent,	  as	  it	  leads	  to	  a	  faster	  delivery.	  

Unfortunately	   national	   and	   international	   guidelines	   are	   still	   recommending	   prostaglandins	   (E2)	   as	  
first	  choice33-‐36.	  We	  would	  like	  to	  plead	  for	  rapid	  revision	  of	  these	  protocols.	  
Both	  Foley	  catheter	  and	  oral	  misoprostol	  have	  promising	  features	  for	  the	  use	  for	  induction	  of	  labour	  

in	   low-‐resource	  settings.	  Both	  are	  inexpensive	  and	  easy	  to	  store	  at	  room	  temperature.	  However,	   in	  
low-‐resource	  settings	  facilities	  for	  close	  fetal	  and	  maternal	  monitoring	  are	  not	  always	  available	  and	  
consequentially	  possible	  risks	  such	  as	  hyperstimulation	  cannot	  not	  be	  observed	  easily.	  The	  fact	  that	  

oxytocin	   is	   less	   often	   needed	   after	   induction	   with	   oral	   misoprostol,	   makes	   this	   probably	   the	  
preferred	  method	  of	  induction	  in	  low-‐resource	  settings,	  since	  oxytocin	  requires	  cooled	  storage	  which	  
is	  often	  not	  available.	  Also,	  Foley	  catheter	  might	  increase	  the	  occurrence	  of	  intrauterine	  infections	  in	  

countries	  where	  the	  prevalence	  of	  such	  infections	  is	  higher.	  We	  are	  currently	  adjusting	  the	  PROBAAT-‐
II	  studies	  protocol	  for	  use	  in	  low-‐resource	  settings	  and	  planning	  an	  adequately	  powered	  randomised	  
controlled	  trial	  comparing	  Foley	  catheter	  to	  oral	  misoprostol	  in	  such	  settings.	  

 
Conclusion  
Foley	  catheter	  and	  oral	  misoprostol	  should	  be	  considered	  as	  first	  choice	  for	  induction	  of	  labour	  with	  

an	  unripe	   cervix.	  Oral	  misoprostol	   can	  be	  used	  as	  50	  microgram	   tablets	   4	  hourly	  or	   25	  microgram	  
tablets	   2	   hourly.	   Both	  methods	   have	   a	   comparable	   safety	   and	   effectiveness	   profile,	   and	   generate	  
comparable	  costs.	  	  

We	  would	  suggest	  the	  use	  of	  a	  Foley	  catheter	  for	  all	  indications	  where	  time	  to	  delivery	  is	  less	  urgent	  
as	   first	   choice,	   and	   the	   use	   of	   oral	   or	   vaginal	   misoprostol	   for	   all	   indications	   where	   the	   risk	   of	  
deterioration	  of	  the	  underlying	  disease	  or	  the	  fetal	  condition	  is	  worse	  when	  pregnancy	  is	  continued.	  	  
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Nederlandse samenvatting 
 
In de jaren tachtig werd misoprostol geïntroduceerd voor het inleiden van de bevalling bij vrouwen 
met een onrijpe cervix. Dit gebeurde echter zonder afdoende bewijs van superioriteit over oudere 
methoden, zoals de Foley katheter. Het doel van dit proefschrift was het gebruik van de Foley 
katheter te vergelijken met misoprostol voor het inleiden van de bevalling bij vrouwen met een 
voldragen zwangerschap en een onrijpe cervix.  
 
In hoofdstuk twee worden de resultaten beschreven van een gerandomiseerd gecontroleerd 
onderzoek (PROBAAT-M) en een meta-analyse van onderzoeken die een Foley katheter vergeleken 
met het gebruik van vaginale misoprostol. In dezelfde periode als de PROBAAT studie 
randomiseerden wij vrouwen tussen Foley katheter (n=56) en vaginale misoprostol tabletten van 25 
microgram à 4 uur (n=64). Onze bevindingen waren dat de aantallen keizersneden niet significant 
verschillend waren (14 vrouwen (25%) in de Foley katheter groep versus 11 vrouwen (17%) in de 
vaginale misoprostol groep; relatief risico (RR) 1.46, 95% betrouwbaarheids interval (CI) 0.72-2.94). 
Echter vonden we wel dat er meer keizersneden werden uitgevoerd wegens niet vorderende 
ontsluiting na inleiding met een Foley katheter (8 vrouwen (14%) versus 2 vrouwen (3%); RR 4,57, 
95% CI 1.01- 20.64). Er was geen verschil in vaginale kunstverlossingen. Bij het gebruik van een Foley 
katheter was de tijd tussen het begin van de inleiding tot de geboorte aanzienlijk langer en was er 
vaker oxytocine nodig ter weeën stimulatie (82% versus 50%, RR 1.64, 95% Cl 1.25-2.16) p-waarde 
<0.001). Secundaire uitkomsten van moeder en pasgeborenen, inclusief fluxus postpartum en een 
arteriële navelstreng pH <7.10, lieten geen significante verschillen zien tussen de groepen, zoals 
verwacht door de kleine groepen vrouwen in deze studie. Uit een meta-analyse bleek dat de Foley 
katheter in vergelijking met 4-uurlijkse vaginale toediening van 25 microgram misoprostol 
resulteerde in een vergelijkbaar aantal keizersneden (230 vrouwen (30%) versus 187 vrouwen (25%), 
RR 1.24, 95% CI 0.94-1.63), minder kunstverlossingen (38 vrouwen (13%) versus 57 vrouwen (18%), 
RR 0.64, 95% CI 0.35-1.17) en minder gevallen van hyperstimulatie (21 vrouwen (3.8%) versus 52 
vrouwen (9.5%), RR 0.39, 95% CI 0.24-0.61). Op basis hiervan concluderen wij dat, ondanks het 
langere interval tot aan geboorte, de Foley katheter een aantal voordelen heeft ten opzichte van 
vaginale misoprostol.  
 
Hoofdstuk drie beschrijft het onderzoeksprotocol van de PROBAAT-II studie, een gerandomiseerde 
klinische studie welke 50 microgram orale misoprostol vergelijkt met een Foley katheter voor het 
inleiden van de bevalling. Alle vrouwen met een voldragen eenlingzwangerschap in hoofdligging, 
intacte vliezen, een onrijpe cervix en een indicatie voor het inleiden van de bevalling konden worden 
geïncludeerd in deze studie. Vrouwen welke werden geexcludeerd voor deelname waren vrouwen 
met een keizersnede in de voorgeschiedenis, leeftijd <18, zwanger van een foetus met lethale 
congenitale malformaties en overgevoeligheid voor een van de gebruikte producten. Na het geven 
van toestemming werden de vrouwen gerandomiseerd door middel van een web-based applicatie. 
Stratificatie werd verricht voor pariteit (nulli- versus multipara) en voor het deelnemende centrum. 
De studie werd uitgevoerd door verloskundigen, gynaecologen en onderzoekers verbonden aan het 
Dutch Consortium for Healthcare Evaluation and Research in Obstetrics and Gynecology. Er werd 
gerandomiseerd tussen het inleiden van de bevalling met een Foley katheter of met 50 microgram 
orale misoprostol capsules.  
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Plaatsing van de Foley katheter gebeurde middels een speculum of manueel over de toucherende 
vingers. De vrouwen werden minimaal elke 12 uur getoucheerd om de rijpheid van de cervix te 
bepalen (Bishop score), of wanneer de Foley katheter spontaan was uitgevallen. In het geval van een 
Bishop score <6, werd de locatie van de Foley katheter opnieuw bepaald en na 24 of 48 uur werd er 
een nieuwe geplaatst. Dit laatste was afhankelijk van de voorkeur van het deelnemende ziekenhuis. 
De 50 microgram orale misoprostol tabletten werden om de 4 uur toegediend, met een maximum 
van drie keer per dag. Voor beide groepen gold dat wanneer er sprake was van een Bishop score ≥6, 
de vliezen werden gebroken en indien nodig werd er met oxytocine gestart als weeën stimulerend 
middel. 
De primaire uitkomst was een samengestelde uitkomst van neonatale asfyxie (gedefinieerd als een 
neonatale arteriële navelstreng pH ≤7.05 en/of 5 minuten Apgar score <7) en/of fluxus postpartum 
(gedefinieerd als geschat bloedverlies ≥1000ml binnen 24h postpartum). We hebben voor deze 
gecombineerde uitkomstmaat gekozen, omdat we verwachtten dat beide een resultaat zijn van 
hyperstimulatie. De studie werd ontworpen als een non-inferioriteit studie, en we hadden berekend 
dat met een power van 80% en een eenzijdig 0,05 risico van type 1 fout, we 1,860 vrouwen (930 per 
groep) nodig hadden. Dit om non-inferioriteit aan te tonen, dat wil zeggen dat het absolute verschil 
in de samengestelde uitkomst minder was dan 5% toename in de misoprostol groep ten opzichte van 
de Foley katheter groep. 
 
In hoofdstuk vier worden de resultaten van de PROBAAT-II studie weergegeven. De PROBAAT-II 
studie is een open-label, gerandomiseerde, non-inferioriteit studie welke werd uitgevoerd in 29 
Nederlandse ziekenhuizen. Vrouwen welke zwanger waren van een voldragen eenling in 
hoofdligging, een onrijpe cervix, staande vliezen, zonder keizersnede in de voorgeschiedenis en 
welke een indicatie hadden voor het inleiden van de bevalling konden worden gerandomiseerd. 
Randomisatie werd verricht tussen het inleiden van de bevalling met 50 microgram orale misoprostol 
capsules à 4 uur, of met een 30 ml transcervicale Foley katheter.  Tussen juli 2012 en oktober 2013 
werden 932 vrouwen gerandomiseerd voor inleiding met orale misoprostol en 927 vrouwen voor 
inleiding met een Foley katheter. De primaire uitkomstmaat was een samenstelling van asfyxie (pH 
≤7.05 of 5-min Apgar-score <7) en/of een fluxus postpartum (≥1000 ml). Deze samengestelde 
uitkomstmaat kwam voor bij 113 (12.2%) van de 924 vrouwen in de orale misoprostol groep en bij 
106 (11.5%) van de 921 vrouwen in de Foley katheter groep (RR 1.06, 90% CI 0.86-1.31). Het aantal 
vrouwen dat beviel middels een keizersnede was vergelijkbaar (155 (16.8%) vrouwen uit de orale 
misoprostol groep versus 185 (20,1%) vrouwen uit de Foley katheter groep; RR 0.84, 95% CI 0.69-
1.02, p-waarde 0.067). Er werden minder keizersneden uitgevoerd voor een niet vorderende 
ontsluiting in de orale misoprostol groep ten opzichte van de Foley katheter groep (57 vrouwen 
(6.2%) versus 98 vrouwen (10.6%); RR 0.58, 95% CI 0.42- 0.79, p-waarde <0.001). Er waren meer 
kunstverlossingen in de orale misoprostol groep vergeleken met de Foley katheter groep (125 
vrouwen (13.5%) versus 88 vrouwen (9.6%), RR 1.41, 95% CI 1.09-1.83, p-waarde 0.0076). 
Concluderend kunnen we stellen dat bij vrouwen met een voldragen zwangerschap en een onrijpe 
cervix het inleiden van de bevalling met orale misoprostol even veilig is als het inleiden met een 
Foley katheter.  
 
Hoofdstuk vijf geeft de data weer van een economische analyse van de Foley katheter in vergelijking 
met orale misoprostol voor het inleiden van de bevalling. Deze kosten analyse werd uitgevoerd naast 
de PROBAAT-II studie en behandelde naast de belangrijkste kosten in beide groepen ook 
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verschillende scenario’s waarbij vrouwen worden opgenomen op de verloskunde afdeling of 
ambulant worden gecontroleerd tijdens de rijpingsfase van de inleiding. De directe kosten werden 
berekend voor het gebruik van alle producten binnen de gezondheidszorg vanaf het moment van 
randomiseren tot het ontslag uit het ziekenhuis. De robuustheid van onze bevindingen werd 
geëvalueerd met verschillende sensitiviteitsanalyses. De gemiddelde kosten per vrouw in de orale 
misoprostol groep en in de Foley katheter groep waren respectievelijk € 4470 versus € 4158 
(gemiddeld verschil € 312 (95% (CI) - € 508 tot € 1063)). Dit verschil werd vooral bepaald door 
langere bezetting van de verloskamers in de orale misoprostol groep. De sensitiviteitsanalyses 
veranderden deze conclusies niet. In een scenario waarbij voor laag risico vrouwen de Foley katheter 
in een ambulante setting wordt gebruikt, zouden de kosten € 4470 voor orale misoprostol versus € 
3489 voor de Foley katheter zijn (gemiddeld verschil € 981 (95% CI € 225 tot € 1817)). In conclusie 
kunnen we stellen dat de Foley katheter en orale misoprostol vergelijkbare kosten genereren en het 
gebruik van een Foley katheter in ambulante setting voor laag risico vrouwen zou een mogelijke 
besparing van € 981 per vrouw kunnen opleveren. 
 
In hoofdstuk zes worden de ervaringen en de voorkeuren van de deelnemende vrouwen vergeleken 
voor het inleiden van de bevalling met een Foley katheter of met orale misoprostol. Deze studie werd 
uitgevoerd naast de PROBAAT-II studie. In 18 van de 29 deelnemende ziekenhuizen aan de PROBAAT-
II studie werden vrouwen gevraagd om een vragenlijst binnen de 24 uur na de bevalling te voltooien. 
We hebben delen van een gevalideerde vragenlijst gebruikt over de verwachtingen voor de bevalling 
en ervaring met/tijdens de bevalling. Daarnaast hebben we aan de vrouwen gevraagd of ze voor een 
eventuele volgende inleiding van de zwangerschap dezelfde of liever een andere methode zouden 
willen gebruiken. De vragenlijst werd ingevuld door 502 (72%) van de 695 in aanmerking komende 
vrouwen; hiervan werden 273 (54%) vrouwen gerandomiseerd voor orale misoprostol en 229 (46%) 
vrouwen voor een Foley katheter. De ervaringen over de duur van de bevalling, pijn tijdens de 
bevalling, algemene tevredenheid over de bevalling en gevoelens van controle en angst in relatie met 
hun verwachtingen, waren vergelijkbaar tussen beide groepen. 16 (6%) van de vrouwen in de orale 
misoprostol groep, zouden liever de andere methode willen als een inleiding nodig zou zijn in een 
volgende zwangerschap, versus 27 vrouwen (12%) in de Foley katheter groep (RR 0.70, 95% CI 0.55-
0.90, P-waarde 0.02). Multivariaat analyses toonden aan dat de keuze van de vrouwen welke 
voorkeur hadden voor de ander methode, niet werd beïnvloed door de modus partus, de tijd van 
randomisatie tot de bevalling, het gebruik van pijnstillers en postpartum opnames van moeder en/of 
kind. Hieruit kunnen we concluderen dat de ervaringen met de verschillende methoden om in te 
leiden niet van elkaar verschillen. Echter, vrouwen uit de Foley katheter groep kozen vaker voor een 
andere methode van inleiden indien dit in de toekomst nodig zou zijn.  
 
Hoofdstuk zeven is een systematisch review en meta-analyse van alle studies welke Foley katheter 
vergelijken met misoprostol voor het inleiden van de bevalling. Alle verschillende ballon vullingen 
van de Foley katheter en alle verschillende doseringen en toedieningswijzen van misoprostol werden 
meegenomen in de vergelijkingen. We beoordeelden de verschillende methoden op hun veiligheids- 
en effectiviteitsprofiel. De belangrijkste uitkomstmaten voor veiligheid waren hyperstimulatie (> 5 
contracties / tien min over een minimale periode van twee keer tien minuten met foetaal hartritme 
veranderingen (gedefinieerd als een niet geruststellend cardiotocogram door de behandelend arts)), 
meconium houdend vruchtwater, keizersnede voor foetale nood, kunstverlossing voor foetale nood,  
fluxus postpartum, arteriële navelstreng pH<7.05, Apgar score <7, opname op de neonatale intensive 
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care en neonatale sterfte. De belangrijkste uitkomstmaten voor effectiviteit waren het totaal aantal 
keizersneden, keizersneden vanwege een niet vorderende ontsluiting en het totaal aantal 
kunstverlossingen. We zochten artikelen in PubMed, Cochrane en Web of Science van 1 januari 1980 
tot 12 februari 2016. In totaal werden er 22 gerandomiseerde en gecontroleerde studies opgenomen 
in dit review welke inleiden van de bevalling met een Foley katheter met en zonder misoprostol 
vergeleken met alleen misoprostol (totaal 5,015 vrouwen). De meeste studies hadden te weinig 
deelnemers om verschillen in de veiligheidsuitkomsten te detecteren. Dit was mede gezien het feit 
dat de meerderheid van de studies tijd van start inleiding tot bevalling of keizersnede als primaire 
uitkomst hadden gekozen. Een meta-analyse van deze studies liet ook onvoldoende grote groepen 
zien om uitspraken te doen over het veiligheidsprofiel van de Foley katheter in vergelijking met 
verschillende toedieningswijzen en doseringen van misoprostol. Uit de vergelijking van de totale 
groep Foley katheter versus misoprostol (alle doseringen en toedieningsmogelijkheden tezamen) (17 
studies, 4234 vrouwen), blijkt dat het inleiden van de bevalling met een Foley katheter leidt tot 
minder hyperstimulatie in vergelijking met misoprostol (37 vrouwen (2%) versus 71 vrouwen (4%) , 
RR 0.54, 95% CI 0.37-0.79). Daarnaast waren er ook minder keizersneden voor foetale nood met een 
Foley katheter vergeleken met misoprostol (81 vrouwen (5%) versus 112 vrouwen (7%), RR 0.72 95% 
CI 0.55-0.95). Er waren geen significante verschillen in neonatale uitkomsten. Het totale aantal 
vrouwen welke beviel middels een keizersnede was 539 (26%) versus 469 (22%) (RR 1.16, 95% CI 
1.00-1.34). Er waren minder kunstverlossingen na inleiden met een Foley katheter in vergelijking met 
misoprostol (139 vrouwen (10%) versus 190 vrouwen (14%), RR 0.74, 95% CI 0.60-0.91). Foley 
katheter in combinatie met misoprostol vergeleken met misoprostol alleen (alle doseringen en 
toedieningsmogelijkheden tezamen) (7 studies, 1,073 vrouwen) resulteerde in minder 
hyperstimulatie vergeleken met misoprostol alleen (52 vrouwen (17%) versus 82 vrouwen (23%), RR 
0.71, 95% CI 0.52-0.97). Keizersneden voor foetale nood waren vergelijkbaar (29 vrouwen (7%) 
versus 41 vrouwen (9%), RR 0.79, 95% CI 0.51-1.22). Neonatale uitkomsten werden weinig 
gerapporteerd. Het totale aantal keizersneden was 176 (34%) versus 187 (34%) (RR 1.01, 95% CI 
0.86-1.19). Samengevat, bij vrouwen met een voldragen zwangerschap en een onrijpe cervix, lijkt de 
Foley katheter een beter veiligheidsprofiel te hebben dan misoprostol (alle doseringen en 
toedieningsmogelijkheden tezamen). Grotere studies zijn nodig om het veiligheidsprofiel van een 
Foley katheter in vergelijking met afzonderlijke dosering en toedieningswegen van misoprostol te 
onderzoeken. 
 
Conclusie 
Zowel de Foley katheter als orale misoprostol moeten worden beschouwd als eerste keus voor het 
inleiden van de bevalling bij vrouwen met een onrijpe cervix. Orale misoprostol kan gebruikt worden 
als 50 microgram tablet iedere 4 uur of als 25 microgram tablet 2 iedere uur. Beide methoden 
hebben een vergelijkbaar veiligheids- en effectiviteitsprofiel en genereren vergelijkbare kosten. 
Wij stellen voor om de Foley katheter te gebruiken als middel van eerste keus bij vrouwen waarbij de 
zwangerschap moet worden ingeleid. Orale en/of vaginale misoprostol kan worden gebruikt voor 
vrouwen met een hoog risico, dat wil zeggen waarbij het risico van verslechtering van de 
onderliggende ziekte indien de zwangerschap wordt gecontinueerd ernstiger is dan de bijwerkingen 
van het inductie middel zelf. 
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Project Leader 
Ben Willem Mol - The Robinson Research Institute, School of Paediatrics and 
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and Medical Research Institute, Adelaide, Australia Adelaide, SA, Australia 
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Mieke ten Eikelder – department of obstetrics and gynaecology, Leiden 
University Medical Centre 
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Kitty Bloemenkamp – Wilhelmina Children's Hospital Birth Centre, University 
Medical Centre Utrecht  
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Medical Centre 
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Jan Willem de Leeuw – department of obstetrics and gynaecology, Ikazia 
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Katrien Oude Rengerink - Julius Center for Health Sciences and Primary Care, 
University Medical Centre Utrecht 
 
Participating hospitals 
Cluster Amsterdam 
Academisch Medisch Centrum- Prof. dr. B.W. Mol, dr. I. de Graaf 
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Noordwest Ziekenhuisgroep, locatie Alkmaar- dr. A. Adriaanse 
Sint Lucas Andreas - dr. M. Heres 
Spaarne Gasthuis – M.A. Muller 
Vu MC - dr. C. Bax 
Flevoziekenhuis Almere - G Kleiverda  
Tergooi Ziekenhuis - dr. H. Visser 
Kennemer Gasthuis - dr. P. Pernet 
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Meander medisch centrum - dr. I. Evers 
UMCU - dr. M.A. Oudijk 
st. Antonius - dr. E. van Beek 
Zuwe Hofpoort - dr. G. Martens 
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Cluster Leiden 
Leids Universitair Medisch centrum - dr. K.W.M. Bloemenkamp 
HAGA ziekenhuis - dr. A.H. Feitsma 
Diaconessenhuis - dr. G.A. van Unnik 
 
Cluster Brabant 
Maxima medisch centrum - dr. M.M. Porath 
Jeroen Bosch Ziekenhuis - dr. R. Rijnders 
Catharina Ziekenhuis - dr. H. van Vliet 
 
Cluster Limburg 
Atrium Medisch Centrum, Heerlen -Dr. F.J.M.E. Roumen 
 
 
Cluster Groningen 
Martini Ziekenhuis - dr. A.J. van Loon 
UMCG - dr. M. Holswilder – Olde Scholtenhuis 
  
Cluster Rotterdam 
Ikazia Ziekenhuis - dr. J.W. de Leeuw 
Albert Zweitzer Ziekenhuis – S. de Weerd - Rombout  
Maasstad Ziekenhuis- H. Versendaal 
 
Cluster Nijmegen 
Gelderse Valei - dr. M. Weinans 
UMCN - dr. M.D. Woiski 
Ziekenhuis Rijnstate - dr. K. de Boer 
  
Cluster Oost 
Medisch Spectrum Twente - dr. J. Brons 
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internationaal	   congres	   in	   San	  Diego,	  waarvoor	   zij	  met	   een	   excellent	   research	  
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