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The Canadian health care system faces serious eco-
nomic challenges to meet the demands of an aging 
population. Health care services are the largest 

component in every provincial and territorial budget in Can-
ada.1 Hospital and inpatient care represent the largest pro-
portion of health care expenses, and giving birth is the most 
frequent reason for hospital admission.2 In 2015/16, there 
were 368 676  inpatient hospital admissions attributed to 
childbirth, with an average length of stay of 2.3  days.2 
Therefore, new models of obstetrical patient care that pro-
mote shorter length of stay, high-quality care and patient 
satisfaction, and decrease postpartum care costs are being 
considered.3 Postpartum care following hospital discharge is 
of utmost importance for women and their newborns as it 

helps lead to a smooth transition from hospital care back to 
home life and contributes to improving health outcomes, 
although the optimal model has yet to be established.4,5 For 
many women in Canada, available outpatient postpartum 
support appears to be limited, which can present numerous 
challenges. For instance, new mothers may experience 
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Background: Reduction in postpartum length of stay has been advocated within a context of reducing health care system costs and 
maintaining quality of care. We assessed trends in postpartum length of stay for vaginal and cesarean deliveries at an academic hos-
pital, The Ottawa Hospital, before and after the implementation in 2014 of a novel community-based postpartum outpatient clinic, the 
Monarch Centre.

Methods: The Monarch Centre model of postpartum care consists of prebooked appointments at the postpartum clinic, scheduled 
within 48 hours of hospital discharge. Clients receive maternal assessment including mood screening and care, neonatal care, labo-
ratory testing including infant total serum bilirubin level, and breast-feeding assessment and support. Family physicians, lactation 
consultants and registered nurses are available for consultation at the appointment, and there is coordination with institutional care, 
community partners and primary care providers. We used interrupted time-series regression models to assess trends in postpartum 
length of stay at The Ottawa Hospital between January 2012 and December 2016.

Results: There were 16 023 deliveries with 16 515 babies born over the study period. The mean postpartum length of stay was 
46 hours (66 h for cesarean deliveries and 37 h for vaginal deliveries). Eighteen months after implementation of the centre, the aver-
age length of stay following a cesarean birth had decreased by 20 hours, a relative reduction of 27% (95% confidence interval [CI] 
9.5 to 30.4); for vaginal deliveries, length of stay was reduced by 6 hours, a relative reduction of 18% (95% CI 5.2 to 31.1), and by 
12 hours among typical cases (relative reduction 28%, 95% CI 19.2 to 36.6). There was a decrease in the proportion of women with a 
length of stay exceeding 48 hours after centre implementation. An increase in the rate of 30-day readmission from 1.1% to 1.9% was 
observed among babies.

Interpretation: A strong association was found between implementation of a community-based multidisciplinary postpartum clinic 
and declines in postpartum length of stay. This alternative model of postpartum care is safe, has the potential for reducing provider 
costs and should be considered for further implementation at provincial and national levels.
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difficulties in establishing breast-feeding, which can lead to 
neonatal jaundice, poor weight gain, dehydration resulting 
in increased visits to the emergency department, longer hos-
pital stays and breast-feeding cessation.6–10

Early discharge in combination with an individualized 
follow-up program has shown safe outcomes for both the neo-
nate and the woman.11,12 Certain programs that often involve 
frequent postpartum home visits by nurses or other health care 
professionals have been shown to improve family outcomes 
and patient satisfaction, and decrease infant emergency care 
episodes and hospital admission. However, these types of care 
models are not always accessible in every community, require 
substantial human resources and are typically very costly.13 An 
innovative community-based postpartum clinical care service, 
the Monarch Centre, was introduced and evaluated in our 
obstetrical centre in Ottawa in 2014. In this program, women 
and their babies receive multidisciplinary postpartum care in 
an outpatient clinic during the first month following hospital 
discharge after delivery. In a randomized controlled trial evalu-
ating mother–baby dyads receiving this model of care, we 
showed a high level of satisfaction among women and no dif-
ference in rates of emergency department visits compared to a 
control group receiving standard therapy.14 The objective of 
the present study was to further evaluate the effect of referral 
to the Monarch Centre on postpartum length of stay at The 
Ottawa Hospital. We present trends in postpartum length of 
stay at the Civic Campus of The Ottawa Hospital before and 
following implementation of the centre.

Methods

Data
Data originated with The Ottawa Hospital Data Warehouse, 
a relational database that contains administrative and clinical 
data for all patients at The Ottawa Hospital and has been pre-
viously used for research.15 For this study, data from the The 
Ottawa Hospital patient registration system, the Canadian 
Institute for Health Information’s Discharge Abstract Data-
base and National Ambulatory Care Reporting System Meta-
data were extracted from the The Ottawa Hospital Data 
Warehouse for the period 2012–2016. The patient registra-
tion system contains patient demographic information along 
with dates and times of admissions and discharges.

Intervention and implementation period
The Monarch Centre model of postpartum care consists of 
prebooked appointments at the postpartum clinic, scheduled 
within 48 hours of hospital discharge, with additional follow-up 
visits for missed appointments. The clinic visits involve mater-
nal assessment including mood screening and care (e.g., wound 
care, prescriptions), neonatal care (e.g., weight gain assessment, 
jaundice screening with a transcutaneous bilirubinometer), lab-
oratory tests including infant total serum bilirubin level, and 
breast-feeding assessment and support. Family physicians, lac-
tation consultants and registered nurses are also available for 
consultations at the appointment, and there is coordination 
with institutional care (e.g., hospital postpartum wards and neo-

natal intensive care unit), community partners (e.g., public 
health) and primary care providers (family physicians and pedi-
atricians) to assist families in establishing postdischarge care.14

This study covers the 5-year period Jan. 1, 2012, to 
Dec. 31, 2016. The Monarch Centre was launched at The 
Ottawa Hospital in January 2014 as a 6-month trial program 
and was fully implemented over the following year. There-
fore, to properly evaluate the impact of the centre on postpar-
tum length of stay, we treated the period Jan. 1, 2014, to 
July 31, 2015 as the implementation period for the analysis. 
The preimplementation period was Jan. 1, 2012, to Dec. 31, 
2013, and the postimplementation follow-up period was 
Aug. 1, 2015 to Dec. 31, 2016.

Outcome
The primary outcome was postpartum length of stay. We 
aggregated record-level data to 4-week intervals (which 
accounts for differing number of days in months) for time-
series analyses (over a total study duration of 60 mo). For sec-
ondary outcomes, we examined the proportion of women 
with a length of stay longer than 48  hours and the rate of 
30-day unplanned readmission for women and babies.

Statistical analysis
We carried out descriptive analyses to look at the distribution 
of demographic factors, type of delivery, procedures and dif-
ferences in mean length of stay across study periods. The 
main analyses used an interrupted time-series segmented 
regression design. This is a robust, quasi-experimental 
approach for evaluating the longitudinal effects of interven-
tions.16 Furthermore, the use of segmented analysis of inter-
rupted time-series data allows for the assessment of differ-
ences in trends in length of stay due to the Monarch Centre.17

We specified interrupted time-series models to estimate 
level and trend in postpartum length of stay in the preimple-
mentation period, and changes in level and trend in the post-
implementation period. The following model was specified:

y = β0 + β1 × time + β2 × implementation + β3 × time after + e

where y is length of stay in hours, β0 represents baseline aver-
age postpartum length of stay, β1 is the trend in the average 
postpartum length of stay before the implementation period, 
β2 estimates the change in the average postpartum length of 
stay immediately after the implementation period, β3 esti-
mates the change in the trend in the average postpartum 
length of stay after the implementation period compared to 
the trend before the implementation period, and e represents 
the random error.

All analyses were stratified by cesarean and vaginal delivery. 
We considered all deliveries and a subset of “typical” deliver-
ies, defined as cases in which the woman was admitted to the 
hospital through the birthing unit and then, after delivery, was 
transferred to the mother/baby unit, from which she was rou-
tinely discharged as an obstetrics patient. This excluded 
women admitted to other units (e.g., intensive care unit, 
postanesthesia care unit) during the hospital stay, admitted to 



OPEN
Research

 CMAJ OPEN, 6(3) E263

the hospital through the emergency department, or transferred 
back and forth from the birthing unit and the mother/baby 
unit while waiting for the start of the delivery. In addition, we 
conducted interrupted time-series analyses of 2  control out-
comes that were not targeted and were unlikely to be affected 
by referral to the Monarch Centre if the association with post-
partum length of stay is causal but are also subject to the same 
confounding structure as the outcome of interest: gestational 
age at admission and length of stay following hysterectomy. 
The analysis stratified the hysterectomy cohort by 3 subgroups 
with varying length of stay: inpatients, same-day admissions 
and day surgeries. Finally, we used the interrupted time-series 
model to estimate the long-term effect of implementation of 
the Monarch Centre on postpartum length of stay.

Ethics approval
The study was approved by the Ottawa Health Science Net-
work Research Ethics Board.

Results

There were 16 023  deliveries with 16 515  babies born 
between Jan. 1, 2012, and Dec. 31, 2016 (Table 1). The mean 
postpartum length of stay was 46 hours; it was longer after 
cesarean delivery than after vaginal delivery (66 h v. 37 h). 
Maternal characteristics including maternal age at admission 
and parity in the vaginal and cesarean delivery groups were 
similar across the 3 study periods.

In the vaginal delivery group, there was a significant reduc-
tion in mean length of stay, from 40.2 hours in the preinter-
vention period to 30.2 hours in the postintervention period 

(p < 0.001) in descriptive analyses. There was also a significant 
reduction in length of stay in the cesarean delivery group, 
from 71.4 hours to 55.8 hours (p < 0.001). Before implemen-
tation of the Monarch Centre, 1356 women (30.2%) with a 
vaginal delivery had a length of stay greater than 48 hours, 
compared to 354 women (11.5%) after implementation (p  < 
0.001). The corresponding values for women with a cesarean 
delivery were 1927 (90.4%) and 668 (48.4%) (p < 0.001).

Interrupted time-series analyses of change in 
postpartum length of stay
Among all cases of vaginal delivery, postpartum length of stay 
decreased over the preimplementation period (Figure 1). 
Implementation of the Monarch Centre was associated with a 
reduction in length of stay of 3.6 hours, although this effect 
was not statistically significant (p = 0.2) (Table 2). The result-
ing postimplementation slope was a decrease of 10.9 minutes/
month in length of stay after the implementation period (p = 
0.05). Among typical cases of vaginal delivery, the magnitude 
of the implementation effect was larger (reduction of 5.7 h, 
p  = 0.02); the postimplementation slope was a reduction of 
10.6 minutes/month (p = 0.04). Among all cesarean deliveries, 
implementation of the Monarch Centre was associated with a 
decrease of 7.2 hours in average length of stay, although this 
was not statistically significant (p  = 0.2), and the combined 
postimplementation slope was a reduction of 18.6 minutes/
month (p = 0.08). For typical cesarean deliveries, implementa-
tion of the centre was associated with a reduction in the aver-
age length of stay of 9.5 hours (p  = 0.001), and the average 
length of stay decreased by 16.5  minutes/month after the 
implementation period (p = 0.005).

Table 1: Postpartum length of stay and 30-day unplanned readmission rates by mode of delivery and study period at The Ottawa 
Hospital, January 2012 to December 2016

Variable

Vaginal delivery; no. (%) of cases* Cesarean delivery; no. (%) of cases*

Before 
implementation

n = 4487
Implementation

n = 3306

After 
implementation

n = 3067
Total

n = 10 860

Before 
implementation

n = 2131
Implementation

n = 1651

After 
implementation

n = 1381
Total

n = 5163

No. of babies 4543 3354 3109 11 006 2276 1748 1485 5509

Length of stay, h, 
mean ± SD

40.2 ± 22.9 37.6 ± 23.1 30.2 ± 19.3 36.6 ± 22.4 71.4 ± 20.1 66.2 ± 25.5 55.8 ± 34.5 65.6 ± 27.1

Length of stay, h, 
median (IQR)

40 (27–52) 35 (25–49) 27 (23–36) 34 (25–48) 70 (63–77) 67 (51–74) 48 (43–63) 66 (49–74)

Length of stay > 48 h 1356 (30.2) 854 (25.8) 354 (11.5) 2564 (23.6) 1927 (90.4) 1336 (80.9) 660 (47.8) 3923 (76.0)

30-day readmission 
rate

    Women

        Eligible cases 4478 (99.8) 3300 (99.8) 3055 (99.6) 10 833 (99.8) 2122 (99.6) 1641 (99.4) 1367 (99.0) 5130 (99.4)

        Readmitted 43 (1.0) 48 (1.4) 33 (1.1) 124 (1.1) 41 (1.9) 28 (1.7) 33 (2.4) 102 (2.0)

    Babies

        Eligible cases 4537 (99.9) 3351 (99.9) 3094 (99.5) 10 982 (99.8) 2274 (99.9) 1747 (99.9) 1481 (99.7) 5502 (99.9)

        Readmitted 62 (1.4) 70 (2.1) 67 (2.2) 199 (1.8) 13 (0.6) 18 (1.0) 22 (1.5) 53 (1.0)

Note: IQR = interquartile range, SD = standard deviation.
*Except where noted otherwise.
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According to interrupted time-series models, at the start 
of the study period, 91.3% of women with typical cesarean 
deliveries had a postpartum length of stay greater than 
48 hours, compared to 65.6% immediately after the imple-
mentation period (Figure 2), a relative decrease of 28.1% (p = 
0.003). One-third (33.5%) of women with typical vaginal 
deliveries had a length of stay greater than 48 hours at the 
start of the study period, compared to 23.1% immediately 
after the implementation period, a relative reduction of 
31.0%; however, the difference was not statistically signifi-
cant (p = 0.06).

Rates of 30-day readmission
Overall rates of 30-day readmission were 1.1% and 2.0% for 
women and 1.8% and 1.0% for babies in the vaginal and 
cesarean birth groups, respectively. Among women, 30-day 
readmission rates were stable across the study period in the 
vaginal (p = 0.1) and cesarean (p = 0.4) birth groups. Among 
babies, there was an increase in the rate of 30-day readmis-
sion between the preintervention period and the postinter-
vention period in both the vaginal delivery group (1.4% to 
2.1%, p  = 0.02) and the cesarean delivery group (0.6% to 
1.5%, p = 0.02).
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Figure 1: Actual and predicted average postpartum length of stay (LOS) by month for vaginal and cesarean deliveries at The Ottawa Hospital, 
January 2012 to December 2016. Typical deliveries defined as admissions to hospital through the birthing unit and direct transfer to mother/
baby unit before discharge; excludes women admitted to other units during the hospital stay and multiple transfers before delivery.
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Control analyses
Analyses of gestational age at admission showed that only the 
intercept parameters from the models were statistically signif-
icant, indicating that the average gestational age at admission 
remained at about 38–39 weeks throughout the study period 
(Appendix 1, available at www.cmajopen.ca/content/6/3/
E261/suppl/DC1). In the second control analysis, of hysterec-
tomy performed in a similar patient population, all 3 models 
(inpatients, same-day admissions and day surgeries) showed 
that implementation and time after parameters were not sta-
tistically significant, indicating that trends in average post-
hysterectomy length of stay were not associated with imple-
mentation of the Monarch Centre (Appendix 1).

Long-term impact of Monarch Centre
The long-term effect of implementation of the Monarch 
Centre on postpartum length of stay is shown in Figure 3. 
These estimates were expressed as absolute and relative differ-
ences in observed mean length of stay 1.5  years following 
implementation and a predicted length of stay assuming con-
stant trend from the preimplantation period (Table 3). The 
average length of stay following a vaginal birth among all 
cases was predicted to be 35 hours without the centre, com-
pared to 28.6  hours after the centre was implemented, an 
absolute reduction of 6.3 hours (95% confidence interval 0.9 
to 11.8), equivalent to an 18% relative reduction. The abso-
lute reduction increased to 12 hours (95% confidence interval 
7.2 to 17.2) among typical cases. Among all cesarean births, 
implementation of the centre was associated with an absolute 
reduction in length of stay of 20 hours (from 73.2 h to 53.2 h, 
equivalent to a relative reduction of 27%), and this was con-
sistent for the subset of typical cesarean deliveries.

Interpretation

The salient finding of this study was that the implementation 
of a community-based postpartum clinic was associated with a 
significant reduction in postpartum length of stay for vaginal 
and cesarean deliveries in a large academic teaching hospital. 

In addition, there was a decrease in the proportion of women 
with a length of stay exceeding 48 hours. At 1.5 years follow-
ing implementation of the Monarch Centre, the average 
length of stay following a cesarean birth was reduced by 
20 hours, or 27%. For vaginal deliveries, length of stay was 
reduced by 6 hours (18% relative reduction); among typical 
cases, the reduction was 12 hours (28% relative reduction). 
Among babies, there was an increase in rates of 30-day 
readmission. No associations were observed in our control 
analyses between gestational age at delivery or posthysterec-
tomy length of stay and implementation of the centre.

The postpartum period, which extends for at least 6 weeks 
after childbirth, is known to be associated with important 
physiologic and psychological changes in the woman. Accord-
ing to the World Health Organization, this intense period is 
the most critical and yet the most neglected phase in the lives 
of women and their babies.18

Different postpartum management models have been stud-
ied and they usually involve home-based, clinical or hospital-
based care. These studies looked at different outcomes includ-
ing patient satisfaction, breast-feeding rates, cost and hospital 
readmission for women and neonates.19–21 The Monarch 
Centre was established in January 2014 with the objective of 
providing support for women during the first 4 weeks after 
discharge from the hospital. There was institutional support 
for continuation of the centre given the demonstrated high 
degree of patient care and satisfaction and no evidence for 
increases in adverse outcomes.14

The results of the present study were largely robust to sen-
sitivity analyses conducted to address the presence of outliers 
(e.g.,  a single postpartum length of stay of 950  h owing to 
admission to the intensive care unit). Although analysis of all 
cases and typical cases showed similar findings, it is likely that 
the Monarch Centre model may be favoured for typical or 
routine deliveries with fewer complications, and these cases 
showed greater reductions in length of stay in the current 
study. The effect of the centre on average length of stay was 
most robust immediately after the centre was implemented. 
Although the trends in length of stay indicated further 

Table 2: Parameter estimates for interrupted time-series regression models of postpartum length of stay for vaginal and cesarean 
delivery, January 2012 to December 2016

Parameter

Vaginal delivery Cesarean delivery

All cases Typical cases* All cases Typical cases*

Estimate Pr > |t| Estimate Pr > |t| Estimate Pr > |t| Estimate Pr > |t|

Intercept (β0) 41.6205 < 0.0001 43.9919 < 0.0001 70.9738 < 0.0001 70.9463 < 0.0001

Time (β1) –0.1088 0.0476 –0.0057 0.9077 0.0357 0.7301 –0.0132 0.8107

Implementation (β2) –3.6481 0.1741 –5.7028 0.0251 –7.1894 0.1664 –9.4768 0.0013

Time after (β3) –0.0730 0.4860 –0.1750 0.0772 –0.3450 0.0941 –0.2613 0.1940

*Defined as cases in which the woman was admitted to the hospital through the birthing unit and then, after delivery, was transferred to the mother/baby unit, from which 
she was routinely discharged as an obstetrics patient. This excludes women who were admitted to another unit (e.g., intensive care unit, postanesthesia care unit) during 
the hospital stay, admitted to the hospital through the emergency department, or transferred back and forth from the birthing unit and the mother/baby unit while waiting for 
the start of delivery.
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declines in the period after implementation, these effects were 
less consistent. The rate of 30-day readmission among babies 
was 2% overall. This is lower than the rates observed in our 
previous study (based on self-report)14 and in a large study of 
length of stay and readmission in England.22 The significant 
increase in the 30-day readmission rate over the study period 
among babies in the present study might be expected as a 
result of shortening length of stay, and current data do not 

support lengthening the hospital stay as a method for reduc-
ing readmission after vaginal or cesarean birth.22 Results of 
the control analyses add support to our findings that changes 
in postpartum length of stay were not due to changes in the 
population, characterized by gestational age at admission, 
which remained consistent at 38–39  weeks throughout the 
study period and did not affect other procedures such as 
hysterectomy.
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Limitations
This study was conducted at a single clinical centre, and there-
fore the findings may not be generalizable to other facilities with 
different patient populations, consultation models or care set-
tings. Similar trends in postpartum length of stay have been seen 
following the implementation of the Monarch Centre in a sec-

ond centre at the General Campus of The Ottawa Hospital. 
Postpartum length of stay is influenced by multiple others factors 
related to hospital operations, human resources and the general 
admitting unit and, in some settings, by maternity stay legisla-
tion.23 The decision regarding length of the postpartum stay can 
often be complex, requiring the coordinated effort of different 
groups including physicians, nurses, ancillary service staff, 
patients, their families and, in some jurisdictions, insurers. 
Although level of complexity of the cases was not available within 
this data set, we tried to address this limitation by stratification by 
typical cases, which removed cases determined to be more com-
plex owing to transfers, longer hospital stay or complications. 
There has been a secular trend toward declining average postpar-
tum length of stay in many jurisdictions, alongside reductions in 
length of stay for all diagnoses, and our observational study 
within this context therefore may be limited to determine a 
causal effect of a single program, considering numerous possible 
confounding factors. We addressed this limitation through a 
robust analytical approach to separate changes in length of stay 
during and following implementation of the centre over and 
above what would have been expected assuming no intervention.

Conclusion
This study, using a robust design, showed a strong association 
between the implementation of a community-based multidis-
ciplinary postpartum clinic and decreasing postpartum length 
of stay beyond what would have been observed owing to secu-
lar changes in length of stay. Despite a small increase in rates 
of 30-day readmission for babies, this alternative model of 
postpartum care is safe and has the potential for considerable 
cost savings for providers. Further implementation of alterna-
tive models of postpartum care should be considered at the 
provincial and national levels.

48.0

54.0

60.0

66.0

72.0

78.0

Typical cesarean deliveries

24.0

30.0

36.0

42.0

48.0

Ja
n-

12

Sep
t-1

2

M
ay

-1
3

Ja
n-

14

Sep
t-1

4

Typical vaginal deliveries

Month/year

L
en

g
th

 o
f s

ta
y,

 h

L
en

g
th

 o
f s

ta
y,

 h

Implementation period Forecast period

LOS Forecast without clinic

M
ay

-1
5

Ja
n-

16

Sep
t-1

6

Ja
n-

12

Sep
t-1

2

M
ay

-1
3

Ja
n-

14

Sep
t-1

4

Month/year

M
ay

-1
5

Ja
n-

16

Sep
t-1

6

Implementation period Forecast period
LOS Forecast without clinic

Figure 3: Forecast of average postpartum length of stay (LOS) by month for typical vaginal and cesarean deliveries, January 2012 to December 
2016. Darker lines are fitted linear regression lines in the postimplementation period. Squares represent forecasted LOS based on the model.

Table 3: Absolute and relative effects of the Monarch Centre 
model on postpartum length of stay 1.5 years after program 
implementation, all cases and typical cases only

Variable All cases Typical cases only

Vaginal delivery

Predicted length of stay, h

    Without Monarch Centre 35.0 43.6

    With Monarch Centre 28.6 31.5

Difference (95% CI)

    Absolute –6.3
(–11.8 to –0.9)

–12.2
(–17.2 to –7.2)

    Relative –0.182
(–0.311 to –0.052)

–0.279
(–0.366 to –0.192)

Cesarean delivery

Predicted length of stay, h

    Without Monarch Centre 73.2 70.1

    With Monarch Centre 53.2 51.0

Difference (95% CI)

    Absolute –20.0
(–30.4 to –9.5)

19.1
(–24.7 to –13.6)

    Relative –0.273
(–0.382 to –0.164)

–0.273
(–0.333 to –0.212)

Note: CI = confidence interval.
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