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COST_EFFECTIVENESS OF INDUCTION OF LABOUR
VERSUS SERIAL ANTENATAL MONITORING

IN THE CANADIAN MULTICENTRE POSTTERM
PREGNANCY TRIAL

Ron Goeree,* MA; Mary Hannah,*t MD, CM, MSc; Sheila Hewson,* BA
for the Canadian Multicentre Postterm Pregnancy Trial Group

Objective: To determine the cost-effectiveness of induction of labour versus serial fetal monitoring while
awaiting spontaneous labour in postterm pregnancies.

Design: Cost-effectiveness and cost-minimization analyses conducted as part of a Canadian multicentre
randomized clinical trial.

Setting: Twenty-two Canadian hospitals, of which 19 were teaching hospitals and 3 were community hos-
pitals.

Patients: Women with uncomplicated pregnancies of 41 or more weeks' gestation were randomly assigned
to induction of labour or serial antenatal monitoring. Of the 3418 women enrolled, no data were re-
ceived on 11. Therefore, results were based on data from 1701 women in the induction arm of the
study and 1706 women in the monitoring arm.

Main outcome measures: Perinatal mortality and neonatal morbidity, rates of cesarean section and health
care costs. Hospital costing models were developed specifically for the study. Data on use of major re-
sources (e.g., length of hospital stay, surgical procedures, major diagnostic tests and procedures, and
medicatioms) for all trial participants were collected and combined with data on minor tests and proce-
dures (e.g., laboratory tests) abstracted from a detailed review of medical records of a sample of pa-
tients.

Results: Because the results of the clinical trial showed a nonsignificant difference in perinatal mortality
and neonatal morbidity between the induction and monitoring arms, the authors conducted a cost-
minimization rather than a cost-effectiveness analysis. The mean cost per patient with a postterm preg-
nancy managed through monitoring was $3132 (95% confidence interval [CI] $3090 to $3174) and
per patient who underwent induction of labour was $2939 (95% Cl $2898 to $2981), for a difference
of $193. The significantly higher (p < 0.0001) mean cost per patient in the monitoring arm was due
mainly to the costs of additional monitoring and the significantly higher rates of cesarean section
among these patients. Estimated conservatively, the savings resulting from a universal policy of manag-
ing postterm pregnancies by induction of labour in Canada may be as high as $8 million a year.

Conclusions: A policy of managing postterm pregnancy through induction of labour not only results in
more favourable outcomes than a monitoring strategy but does so at a lower cost.

Objectif: Determiner la rentabilit6 de la provocation du travail par rapport 'a la surveillance serielle du
foetus en attendant le travail spontane dans les cas de grossesse prolong6e.

Conception : Analyses de rentabilit6 et de minimisation des cocuts effectuees dans le cadre d'un essai cli-
nique randomise multicentrique au Canada.
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Contexte Vingt-deux h6pitaux canadiens, dont 19 h6pitaux d'enseignement et 3 h6pitaux communau-
taires.

Patientes On a choisi au hasard des femmes qui avaient connu une grossesse sans complication de 41 se-
maines ou plus pour provoquer le travail ou les soumettre a une surveillance antenatale serielle. On n'a
pas recu de donnees sur 1 1 des 3 418 femmes inscrites. Les resultats etaient donc fondes sur des don-
nees provenant de 1 701 femmes chez lesqutelles on a provoque l'accouchement et de 1 706 femmes
soumises a la surveillance.

Principales mesures des resultats Mortalit6 perinatale et morbidit6 neonatale, taux de cesarienne et
couts des soins de sante. On a cree des modees d'etablissement des couts hospitaliers specifiquement
pour l'&ude. On a recueilli des donnees sLir l'utilisation des principales ressources (p. ex., duree du
sejour 'a l'h6pital, interventions chirLirgicales, principales analyses et interventions de diagnostic, et
medicaments) pour toutes les participantes et ion a fusionne ces donnees a d'aUtres portant sur les
proc6dures et les tests mineurs (p. ex., tests de laboratoire) tirees d'une revue detaillee des dossiers
medicaux d'un echantillon de patientes.

Resultats Comme les resultats de l'essai clinique ont fait etat d'tine difference non importante entre les
taux de mortalite perinatale et de morbidite neonatale entre les deux groupes, les auteurs ont procede a
une analyse de minimisation des cotits plut6t qu"a une analyse de rentabilite. Le cout moyen par pa-
tiente dont la grossesse s'est prolongee et qui a et traitee par surveillance a atteint 3 132 $ (intervalle
de confiance a 95 % [IC] de 3 090 $ a 3 174 $) Le cout par patiente chez laquelle on a provoque le
travail a atteint 2 939 $ (IC a 95 Gx, de 2 898 $ a 2 981 $), ce qui represente tin ecart de 193 $. Le cout
moyen beaucoup plus eleve (p < 0,0001) par patiente surveillee est attribuable principalement au cout
de la surveillance supplementaire et aux taux beaucoup plus eleves de cesariennes subies par ces pa-
tientes. Une politique universelle de traitement des grossesses prolongees par provocation dti travail au
Canada pourrait entrainer des economies estimees de facon conservatrice a 8 millions de dollars par
annee.

Conclusions LUne politique qtii consiste a traiter les grossesses prolongees en provoquant le travail en-
traine des resultats plus favorables qti'tine strategie de stirveillance et cotite en outre moins cher.

A pproximately 10% of the more than 400 000 births
in Canada each year occur after 41 or more weeks'

gestation.'2 There are two competing strategies for the
management of postterm pregnancies: induction of
labour when the pregnancy reaches 41 to 42 weeks' ges-
tation and waiting for spontaneous labour. The waiting
strategy typically involves serial antenatal monitoring
and induction of labour if there is evidence that the
health of the fetus or mother is or may be affected.' Al-
though there is strong evidence that postterm pregnan-
cies have a higher risk of adverse maternal, fetal and
neonatal outcomes than term pregnancies," the effec-
tiveness and cost-effectiveness of an induction versus a
monitoring strategy has not been shown.

The Canadian Multicentre Postterm Pregnancy Trial'
was undertaken to determine the effectiveness of these
alternative management strategies. The main results of
the trial showed no statistically significant differences in
rates of perinatal mortality and neonatal morbidity be-
tween the patients assigned to induction and those as-
signed to monitoring. Although there were two fetal
deaths in the monitoring arm, this difference in the mor-
tality rate was nonsignificant given the size of the sam-
ple. The study also showed that the rate of cesarean sec-
tion in the induction arm was 3.3% lower than in the
monitoring arm (p = 0.03).

The results of this study, combined with a meta-
analysis of 10 other randomized controlled trials compar-
ing induction of labour and serial antenatal monitoring in

postterm pregnancies," suggest that induction of labour
results in decreased rates of fetal distress and of fetal or
neonatal death. A policy of induction of labour also re-
sults in lower rates of cesarean section. The implications
of these findings for cost and cost-effectiveness have not
been studied. We conducted a cost-effectiveness analysis
with the rate of perinatal mortality and neonatal morbid-
ity as the primary measure of effectiveness.

METHODS

A.SN 1) ..t i'.t.t :NA N .N,AS f.[\1 S

The trial was conducted in 22 Canadian hospitals, of
which 19 were teaching hospitals and 3 were commu-
nity hospitals. Patients were screened for eligibility and
randomly assigned to one of the two management
strategies.8 The sample was stratified according to hospi-
tal, parity and duration of gestation. There were 3418
women enrolled; of these, no data were received on 11.
Data were collected on 1701 women assigned to pro-
phylactic induction of labour and 1706 assigned to serial
antenatal monitoring.

Induction of labour was begun within 4 days after the
women were assigned to the induction arm. Labour was
induced with the use of up to three 0.5-mg doses of
dinoprostone (prostaglandin E2) gel administered intra-
cervically, followed by amniotomy, intravenous adminis-
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tration of oxytocin or both. Women assigned to the
monitoring arm were asked to record daily counts of fe-
tal kicks. They underwent nonstress tests three times per
week and assessment of amniotic fluid volume by ultra-
sonographic examination two to three times per week.

The primary outcomes, perinatal mortality and
neonatal morbidity, were measured by assigning an in-
dex score based on death and indicators of morbidity
(e.g., low Apgar scores, seizures, need for ventilation,
trauma and neonatal intensive care).8 The secondary out-
come measure was the rate of cesarean section.

Cos'I-- EFFECTIVENESS
AND COST-MINIMIZATION ANA[YSES

Cost-effectiveness analysis compares the costs and
outcomes of two or more alternatives, whereas cost-
minimization analysis compares only the costs of alter-
natives; it is used when differences in outcomes are non-
significant or deemed unimportant. The intention of our
study was to conduct a cost-effectiveness analysis; how-
ever, if the difference in outcomes between the two
groups was nonsignificant, we planned to conduct a
cost-minimization analysis.

In our analysis we used the cost perspective of the
Ontario Ministry of Health. All hospital costs, drug ex-
penses and professional fees were included; patient ex-
penses and time off work were excluded. We predicted
that the average cost for patients in the trial would de-
pend on the type of hospital, the method of delivery, the
number of gel applications (for patients in the induction
arm) and the number and type of monitoring tests con-
ducted (nonstress tests and assessments of amniotic fluid
volume for patients in the monitoring arm). These data
and the length of postpartum hospital stay for each pa-
tient were obtained from the clinical-trial database.

Data on the use of major resources were collected as
part of the clinical trial; however, for budgetary reasons,
minor tests and procedures were not recorded on the
case-report forms. In order to capture all of the costs in-
volved, we conducted a retrospective review of the med-
ical charts of a sample of patients to obtain information
on these minor tests (e.g., laboratory tests) and proce-
dures. The sample included patients who delivered in a
teaching hospital and those who delivered in a commu-
nity hospital as well as those who had each method of
delivery (spontaneous vaginal, vaginal with the use of
forceps and cesarean section). A total of 67 charts from
the teaching hospital and 62 charts from the community
hospital were reviewed. In both hospitals, charts re-
viewed involved 20 spontaneous vaginal deliveries, 20
vaginal deliveries with the aid of forceps and cesarean
sections in the remaining cases (27 at the teaching hos-
pital and 22 at the community hospital).

Costing of hospital services involves two compo-
nents: resource use (quantities) and cost per unit. Since
unit costs for most hospitals in Canada are unavailable,
the standard approach to estimating hospital costs is to
use unit-cost estimates from one or more representative
hospital and data on resource use from all trial partici-
pants."0 Since the clinical study included both teaching
and community hospitals, and since practice patterns
and unit costs can differ substantially between teaching
and community hospitals, one teaching hospital and one
community hospital were selected on the basis of their
share of patient enrolment in the clinical trial and their
geographic proximity to the study team. The teaching
hospital selected was Women's College Hospital,
Toronto, and the community hospital was North York
General Hospital, Willowdale, Ont.

To estimate unit costs, we designed costing models
for these hospitals consistent with Canadian manage-
ment-information-systems guidelines' for allocating ex-
penses within hospital departments and to patients. The
costing method used in both models was a "simultane-
ous, fully allocated" approach. This involved first allocat-
ing hospital overhead expenses (e.g., depreciation on
equipment and buildings) and direct department ex-
penses to hospital departments. Next, the expenses of
departments that provide services to other departments
but not directly to patients (i.e., hospital-support depart-
ments), were allocated among each other with the use of
simultaneous linear equations and then to departments
that provide services directly to, or on behalf of, patients
(e.g., laboratories, operating rooms and wards). In the fi-
nal step, these "simultaneous, fully allocated" expenses
for patient service and care departments were allocated
to patients on the basis of service use or department re-
sources (e.g., the number of days the patient spent on
various wards, the number of minutes in the operating
room or the weighted time units for laboratory and radi-
ology services). Expenses for each patient service and
care department were then added to calculate the total
cost of each hospital stay. Fees for professional visits,
consultations, interpretation of results and diagnostic
and surgical procedures were calculated by combining
the clinical-trial data with the Ontario provincial sched-
ule of benefits for medical services.'2

Total use of resources per patient in the induction and
monitoring arms was calculated by combining data on
resource use from all trial participants with those on mi-
nor tests and procedures from the sample of patients
from two hospitals. From these data, hospital costs and
professional fees were calculated and compared with the
use of Statistical Package for the Social Sciences, version
5 for Windows (SPSS Inc., Chicago). Hospital costs in-
clude ward, operating-room, drug and laboratory costs.
Professional fees include those for consultations, visits,
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deliveries, interpretation of results and diagnostic and
therapeutic procedures. All costs were calculated and ex-
pressed in 1992 Canadian dollars.

In addition to comparing the costs of the two strate-
gies, we calculated the potential cost savings to the Can-
adian health care system resulting from the universal
adoption of one management policy over the other. In
calculating these savings, we adjusted our results to take
into account the overrepresentation of deliveries in teach-
ing hospitals and to nulliparous women in our sample by
applying the proportions of such deliveries in Canada as a
whole to our cost findings. Of all deliveries in our study,
85% were in teaching hospitals, whereas approximately
32% of deliveries in Canada as a whole are performed in
such hospitals.' Similarly, 68% of the deliveries in our
study were to nulliparous women, whereas 44% of those
in Canada as a whole are to nulliparous women.'4 We also
assumed that approximately 10% of the 400 000 deliver-
ies in Canada each year involve postterm pregnancies.

RESULTS

specifically for this study, are presented in Table 2. Table
3 gives the average costs for each management strategy
by major cost category. It shows that 94% of the $193
difference in average cost per patient between the moni-
toring and induction arms was due to differences in hos-
pital costs, including those for inpatient and outpatient
services. Almost all (99%) of the difference in hospital
costs was accounted for solely by the number and cost
of the tests required in the monitoring arm.
On the basis of these cost differences, we calculated

the minimum potential cost savings, excluding patient
expenses, resulting from a universal policy of managing
postterm deliveries through induction of labour. As
noted earlier, we adjusted the results to take into account
the overrepresentation of teaching hospitals and deliver-
ies to nulliparous women and we assumed that approxi-
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Because the results of the clinical trial showed a non-
significant difference in perinatal mortality and neonatal
morbidity between the induction and monitoring arms,8
we conducted a cost-minimization rather than a cost-
effectiveness analysis. As shown in Table 1, most of the
difference in hospital and physician resource use be-
tween the induction and monitoring arms resulted from
the serial monitoring tests and the higher rate of ce-
sarean section in the monitoring arm. Although no dif-
ference was found in the average number of minor tests
and procedures, these data were based on only a sample
of patients, not all trial participants.

The unit-cost estimates for the teaching and commu-
nity hospitals, calculated from the models developed
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mately 10% of the 400 000 deliveries in Canada each
year occur after 41 or more weeks' gestation. After these
adjustments were made, the potential cost saving of a

universal induction-management policy was calculated at

$8 million per year.

DISCUSSION

Although we observed a significant difference in
mean cost per patient between strategies, there are sev-

eral reasons to suspect that the cost difference in favour
of the induction strategy would be even larger if a wider
cost perspective was used. Our analysis did not include
the cost and quality of life for patients. Patient expenses

would be higher with the monitoring strategy than with
the induction strategy because of increased monitoring,
travel costs, inconvenience and possibly time off work.
Higher patient expenses and lower quality of life would
also result from the significantly higher rate of cesarean

section among patients managed through monitoring.
These issues highlight the importance of including and
measuring patient preferences in future studies.

The results of the Canadian Multicentre Postterm
Pregnancy Trial8 and of the meta-analysis discussed ear-

lier,9 combined with the significant difference in cost

between the two strategies, unambiguously support the
induction strategy as a "win-win" alternative in the man-

agement of postterm pregnancies. That is, an induction-
management policy produces better outcomes at a lower
cost. These findings also support recent recommenda-
tions that induction of labour should be offered to

women with pregnancies of 41 or more weeks. Research
is needed to determine the most effective methods of in-
duction (e.g., medication, nipple stimulation, stripping or

sweeping of the membranes or mechanical methods).
There are two principal limitations of the cost find-

ings in our study. First, costs for minor tests and proce-

dures were estimated on the basis of a sample of pa-

tients. These data were not collected as part of the main
trial because of the exorbitant cost involved. However,
since minor tests and procedures account for only a frac-
tion of the total cost of hospital care for a patient, it is
unlikely that more detailed collection of data on the

costs of these tests would substantially affect the results.
Second, unit-cost estimates were obtained from only
two centres, one teaching and one community hospital.
Again, the reason for this approach was the exorbitant
cost of setting up detailed costing models for all 22 hos-
pitals participating in the study. Since the mix of patients
in teaching and community hospitals was the same in
both arms of the study, it is unlikely that more detailed
costing data from all of the hospitals would have made a

difference in the results.
Two cautions are warranted in generalizing the results

of our study to Canada as a whole. First, deliveries in
teaching hospitals were overrepresented in the trial
(85% of deliveries in our trial in comparison with 32%
of those in Canada"). Second, deliveries to nulliparous
women were overrepresented (68% of deliveries in our

trial in comparison with 44% of those in Canada 4).

These factors may influence outcomes and cost. In our

analysis, adjustments were made to the cost findings to

reflect the overrepresentation of teaching hospitals and
nulliparous women.

There are two main areas in which additional re-

search could assist in providing more precise cost esti-
mates. First, there are several reasons to suspect that the
cost difference we observed between the monitoring and
the induction strategies was conservative and would
have been larger if a wider cost perspective, including
patient expenses and quality of life, had been used. Sec-
ond, the big uncertainty in calculating the potential sav-

ings resulting from a universal induction-management
policy is the percentage of postterm pregnancies cur-

rently managed through monitoring. In this study, we

assumed that approximately 10% of the 400 000 deliver-
ies in Canada each year occur after 41 or more weeks'
gestation. The potential savings from a universal induc-
tion-management policy could be estimated more pre-

cisely if the percentage of pregnancies of 41 or more

weeks' gestation were known.

We thank Lori Scapinello and Liz Peloso for data abstraction, data entry
and assistance with the analysis of the results. We also thank Walter
Hannah and Ray Osborne for their thoughtful comments.

Funding was provided by the Medical Research Council of Canada
(grant no. MA-8472).

Table 3: Calculated mean costs for care of patients enrolled in the Canadian Multicentre Postterm Preg-
nancy Trial

Mean cost per patient, 1992 $

Difference between study arms
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Study arm

Cost category Monitoring Induction (95% confidence interval) p value

Hospital costs 2684 2502 182 (129-234) < 0.0001

Professional fees 448 437 11 (1- 21) 0.025

Total 3132 2939 193 (133-252) < 0.0001
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June 9-10, 1995: Something's in the Air - a
Conference on Air Quality and Lung Health

Winnipeg
Arlene Draffin Jones, conference coordinator,

Manitoba Lung Association, 629 McDermot Ave.,
Winnipeg MB R3A 1P6; tel 204 774-5501, fax
204 772-5083

June 10-14, 1995: Canadian Wholesale Drug
Association Annual Conference

St. John's
Canadian Wholesale Drug Association,

2206-1110 Sherbrooke St. W, Montreal QC
H3A 1G8; tel 514 842-8627, fax 514 842-3061

June 17-18, 1995: Medical Communication in
the Electronic Era: Opportunities and Chal-
lenges (presented by the Canada Chapter of
the American Medical Writers Association)

Toronto
Ann Bolster, Publications Department, Can-

adian Medical Association, PO Box 8650, Ottawa
ON KlG OG8; tel 613 731-9331 or 800
663-7336, ext. 2117; fax 613 523-0937

Sept. 14, 1995: Biomedical Communication
Workshops (presented by the Canada Chapter
of the American Medical Writers Association
and held in conjunction with the Royal College
of Physicians and Surgeons of Canada Annual
Meeting)

Montreal
Ann Bolster, Publications Department, Can-

adian Medical Association, PO Box 8650,
Ottawa ON KlG OG8; tel 613 731-9331 or 800
663-7336, ext. 2117; fax 613 523-0937

Sept. 20, 1995: Symposium on Advances in
Reproductive Endocrinology and Infertility
(precedes the Canadian Fertility and Androl-
ogy Society Annual Meeting Sept. 21-23)

Montebello, Que.
Canadian Fertility and Andrology Society,

409-2065 Alexandre de Seve St., Montreal QC
H2L 2W5; tel 514 524-9009, fax 514 524-2163

Sept. 21-23, 1995: Canadian Fertility and An-
drology Society Annual Meeting

Montebello, Que.
Canadian Fertility and Andrology Society,

409-2065 Alexandre de Seve St., Montreal QC
H2L 2W5; tel 514 524-9009, fax 514 524-2163

Oct. 12-15, 1995: American Association of
Cardiovascular and Pulmonary Rehabilitation
10th Annual Meeting: Building on Success ...
a Decade of Progress

Minneapolis
Michele Johnson, American Association of

Cardiovascular and Pulmonary Rehabilitation,
201-7611 Elmwood Ave., Middleton WI 53562-
3128; tel 608 831-6989, fax 608 831-5122

Oct. 29-Nov. 3,1995: International Psycho-
geriatric Association 7th International Con-

gress (cosponsored by the World Health Orga-
nization)

Sydney, Australia
International Psychogeriatric Association,

3127 Greenleaf Ave., Wilmette IL 60091; tel
708 966-0063, fax 708 966-9418

Nov. 13-14, 1995: From Hospital to Commu-
nity: Working Together to Support Breasffeed-
ing (sponsored by La Leche League Canada)

Ottawa
Agnes Vargha, 25 Bernier Terr., Kanata ON

K2L 2V1; tel 613 592-2379, fax 613 599-7298

Du 27 juill. au ler aout 1997: 16e Congres in-
ternational de nutrition (sous les auspices de
l'Union internationale des sciences de la nu-
trition)

Montreal
Secretariat du congres, IUNS '97, Conseil na-

tional de recherches Canada, Edifice M-19, ch.
Montreal, Ottawa ON KIA OR6; tel 613
993-7271, fax 613 993-7250

July 27-Aug. 1, 1997: 16th International Con-
gress of Nutrition (under the auspices of the
International Union of Nutritional Sciences)

Montreal
Congress Secretariat, IUNS '97, National Re-

search Council Canada, Building M-19, Mon-
treal Rd., Ottawa ON KlA OR6; tel 613 993-
7271, fax 613 993-7250
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