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Abstract

Background: Recommendations for
deliveries of pregnant patients with a pre-
vious cesarean delivery and the type of
hospitals deemed safe for these deliveries
have evolved in recent years, although no
studies have examined hospital factors
and associated safety. We sought to evalu-
ate maternal and neonatal outcomes
among patients with a previous cesarean
delivery by hospital tier and volume.

Methods: We carried out an ecological
study of singleton live births delivered
at term gestation to patients with a pre-
vious cesarean delivery in all Canadian
hospitals (excluding Quebec), 2013-
2019. We obtained data from the Dis-
charge Abstract Database of the Can-
adian Institute for Health Information.
The primary outcomes were severe
maternal morbidity or mortality

(SMMM), and serious neonatal morbidity
or mortality (SNMM). We used regres-
sion modelling to examine hospital tier
(tier 4 hospitals being those that provide
the highest level of care) and volume;
we also identified hospitals with high
rates of SMMM and SNMM using within-
tier comparisons and comparisons with
the overall rate.

Results: We included 235442 deliveries
to patients with a previous cesarean
delivery; SMMM and SNMM rates were
14.6 per 1000 deliveries and 4.6 per
1000 live births, respectively. Among
patients with a parity of 1, SMMM rates
were lower in tier 1 hospitals (adjusted
incidence rate ratio [IRR] 0.68, 95% con-
fidence interval [CI] 0.52-0.89) and
higher in tier 4 hospitals (adjusted IRR
1.41, 95% Cl 1.05-1.91) than in tier 2

hospitals; SNMM rates did not differ by
hospital tier. Rates of SNMM increased
with increasing hospital volume
(adjusted IRR 1.02, 95% CI| 1.00-1.04)
and increasing rates of vaginal birth
after cesarean delivery (adjusted IRR
1.02, 95% Cl 1.01-1.04). Most hospitals
had relatively low SMMM and SNMM
rates, although a few hospitals in each
tier and volume category had signifi-
cantly higher rates than others.

Interpretation: Adverse maternal and
neonatal outcomes among patients
with a previous cesarean delivery
showed no clear pattern of decreasing
SMMM and SNMM with increasing tiers
of service and hospital volume. All hos-
pitals, irrespective of tier or size, should
continually review their rates of adverse
maternal and neonatal outcomes.

The approach to delivery for patients with a previous cesarean
delivery has undergone substantial changes over the last few
decades in Canada, the United States and elsewhere. Rates of
vaginal birth after cesarean delivery (VBAC) in Canada increased
rapidly, from less than 5% of deliveries in the late 1970s to peak
at more than 35% in the mid-1990s.1* However, this trend
reversed sharply after studies in the mid-1990s showed that
attempted VBAC (as opposed to elective repeat cesarean deliv-
ery) was associated with higher rates of severe maternal mor-
bidity and of fetal and infant morbidity and mortality.>® The
decline has partly reversed after the release of a guideline from
the Society of Obstetricians and Gynaecologists of Canada
(SOGC) in 2005, and the National Institutes of Health Consensus

Development Conference in 2010, which affirmed that patients
with 1 previous transverse lower-segment cesarean section and
no contraindications could be offered a trial of labour with
appropriate discussion of risks and benefits.*%!
Recommendations regarding hospitals deemed safe for deliver-
ing patients with a previous cesarean delivery have also evolved.
The 1998 and 1999 guidelines of the American College of Obstetri-
cians and Gynecologists (ACOG) required hospitals attempting trials
of labour to have “ready availability of emergency care” or “immedi-
ate availability of emergency care.”'21 After the publication of these
guidelines, about 30% of hospitals in the US stopped offering trial-
of-labour services to patients with a previous cesarean delivery
because they could not provide immediate surgical and anesthesia
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services, which compelled many patients who had opted for a trial
of labour to travel to hospitals far from their homes and families.**6
More recently, guidelines have attempted to balance clinical safety
with the challenges associated with such social disruption. The cur-
rent ACOG guideline states that a trial of labour can be attempted in
a level 1 maternity care facility (i.e., a hospital providing basic
obstetric services), which has “the ability to begin emergency cesar-
ean delivery within a time interval that best incorporates maternal
and fetal risks and benefits.”*” Similarly, the current SOGC guideline
states that hospitals providing trial-of-labour services should have
“the resources to perform an emergency cesarean section.”® This
change in recommendations has led to an increase in the number of
hospitals that offer trials of labour, though concerns about inad-
equate access to such delivery options persist.1%2°

Although clinical guidelines regarding hospitals deemed safe
for delivering patients with a previous cesarean delivery have
changed in recent years, to our knowledge, no studies have evalu-
ated hospital factors and associated safety issues. We sought to
evaluate maternal and infant outcomes of deliveries to patients
with a previous cesarean delivery by tier of obstetric service and
hospital delivery volume.

Methods

Study design and setting

We carried out an ecological study comparing maternal and infant
outcomes by tiers of service and hospital delivery volume, using
hospitals as the unit of analysis. Analyses also compared hospital-
specific outcome rates within tiers of obstetric service, and against
the average rate for all hospitals. We included in-hospital deliveries
in Canada (excluding Quebec) between April 2013 and March 2019.

Study population and data source

We included all patients with a previous cesarean delivery who
had a singleton live birth at term gestation (= 37 wk). We obtained
data from the Discharge Abstract Database of the Canadian Insti-
tute for Health Information, which includes all hospital admissions
in Canada (excluding Quebec). Information in the database is rou-
tinely abstracted from medical charts after hospital discharge by
trained personnel using standardized definitions and processes,
and includes labour and delivery events, diagnoses and proced-
ures.?! Information in the database has been shown to accurately
reflect the information in medical charts (e.g., the sensitivity and
specificity of repeat elective and emergency cesarean delivery was
estimated to be 90%-95% and 99%-100%, respectively).?-2*

Maternal and neonatal outcomes

The primary maternal outcome was composite severe maternal
morbidity and maternal mortality (SMMM), with the components
of severe maternal morbidity adapted from a list developed by
the Canadian Perinatal Surveillance System.?* These included
severe hemorrhage, hysterectomy, complications of obstetric sur-
gery, assisted ventilation, severe uterine rupture, sepsis and other
complications (Appendix 1, Table 1, available at www.cmaj.ca/
lookup/doi/10.1503/cmaj.220928/tab-related-content). Some
components, namely admission to an intensive care unit and

severe pre-eclampsia, were not included (the former because of
variability in admission thresholds). The primary neonatal out-
come, composite serious neonatal morbidity and neonatal mor-
tality (SNMM), captured severe events among live births at
term,?-2 including neonatal seizures, assisted ventilation (via
endotracheal intubation or tracheostomy) and neonatal death
(Appendix 1, Table 2).

We assessed maternal outcomes among all patients with a
previous cesarean delivery, and assessed neonatal outcomes of
infants without a congenital anomaly.

Variables
The determinants of primary interest were the hospital’s tier of
service and volume (i.e., number of deliveries to patients with a
previous cesarean delivery). The tier-of-service framework varied
by province and territory, with hospital designations ranging
from 0 to 3 or 4; tier 0 hospitals provided no obstetric services,
tier 1 hospitals provided basic obstetric services and tier 3 or 4
hospitals provided the highest level of obstetric care.?® We desig-
nated tiers of service based on province- or territory-specific tiers
and using a common framework of tiers of service. The latter
involved a recategorization based on tier descriptions,? and was
similar to other frameworks (e.g., tiers 2a and 2b in Ontario were
recategorized as tier 2, and tier 2c was recategorized as tier 3).3°
For the ecological analysis, we restricted the population of
singleton term deliveries to patients with a parity of 1 (i.e.,
patients with 1 previous cesarean delivery) to minimize between-
hospital differences (i.e., we excluded patients with several previ-
ous cesarean deliveries, which increases the risk of uterine rup-
ture and placenta accreta).?* We controlled for confounders by
using restriction (to term gestation, singletons, parity 1 and
infants without congenital anomalies) and regression adjust-
ment (for advanced age, pre-existing diabetes, gestational dia-
betes and hypertensive disorders) (Appendix 1, Table 3).2"32

Statistical analysis

The number of cases of SMMM or SNMM in each hospital consti-
tuted the dependent variable (offset by the number of deliveries
or live births, respectively. We attempted regression analysis
using a Poisson model, but ultimately used a negative binomial
model because of overdispersion. The adjusted model included
tiers of service, volume, VBAC rate and the proportions of patients
with advanced age, pre-existing diabetes, gestational diabetes
and hypertensive disorders. We estimated adjusted cumulative
incidence rate ratios (IRRs) for the determinants of interest.

We identified hospitals with outlier rates of SMMM or SNMM
within a tier of service in each province or territory. We compared
each hospital’s rate of SMMM or SNMM with that of all other hospitals
in the same tier of service (in a given province or territory) using a
2-sided Fisher exact test. We also used multilevel models for stabiliz-
ing and adjusting each hospital’s SMMM or SNMM rate to permit
comparisons with the SMMM or SNMM rate for all hospitals.>*-*¢ Con-
founders controlled in this individual-level regression model
included maternal characteristics, namely age (in 5-yr categories),
parity (1, = 1 and missing), pre-existing diabetes (yes or no), gesta-
tional diabetes (yes or no), hypertensive disorders (yes or no), and
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In-hospital deliveries in Canada (excluding Quebec)
Apr.1,2013, to Mar. 31, 2019
n=1707 430

Singleton deliveries
n=1676 766

Singleton, term deliveries (37-41 wk)
n=1561633

Singleton, term deliveries to patients
with a previous cesarean delivery

Live births in hospital in Canada (excluding Quebec)
Apr. 1,2013, to Mar. 31,2019
n=1737603

Linked live birth without a congenital

n=235442
(including n=3437 with severe
maternal morbidity or mortality)

Singleton, term deliveries and live births
to patients with a previous cesarean
delivery and parity of 1
n=138462
(including n=1909 with severe maternal
morbidity or mortality)

anomaly
n=219608
(including n=1001 with serious
neonatal morbidity or mortality)

Linked live births
to patients with parity of 1
n=129102
(including n =578 with serious
neonatal morbidity or
mortality)

Figure 1: Numbers of deliveries and live births in Canada (excluding Quebec) and creation of the study cohort, April 2013 to March 2019.

Table 1: Distribution of maternal characteristics by tier of obstetric service* among singleton term deliveries

to patients with a previous cesarean delivery, Canada (excluding Quebec), April 2013 to March 2019

No. (%) of patientst
Tier 0 Tier1 Tier 2 Tier 3 Tier 4

Maternal characteristic n=29 n=21787 n=77524 n=65297 n=70805
Overall

Age=35yr 5(17.2) 5328 (24.5) 23979 (30.9) 22354 (34.2) 27 458 (38.8)

Parity of 1 13 (44.8) 11534 (52.9) 44 573 (57.5) 39667 (60.7) 42675 (60.3)

Pre-existing diabetes 0(0) 126 (0.6) 786 (1.0) 821(1.3) 1484 (2.1)

Gestational diabetes <5(<17.2) 1714 (7.9) 7514 (9.7) 7620 (11.7) 7624 (10.8)

Hypertensive disorders <5(<17.2) 840 (3.9) 3332 (4.3) 2594 (4.0) 3929 (5.6)
Parity of 1

Age=35yr <5(<38.4) 2533 (22.0) 12 647 (28.4) 12 403 (31.3) 15390 (36.1)

Pre-existing diabetes 0(0) 53(0.5) 430 (1.0) 457 (1.2) 794 (1.9)

Gestational diabetes 0(0) 827 (7.2) 4150 (9.3) 4342 (10.9) 4338(10.2)

Hypertensive disorders <5(<38.4) 459 (4.0) 1919 (4.3) 1561 (3.9) 2309 (5.4)

*Details regarding province- and territory-specific tiers of obstetrics service and a common frameworks of tiers of obstetric service are provided in Appendix 1,
Table 6 and Table 8.2

tCells <5 are suppressed to prevent reidentification of patients.
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province- or territory-specific tiers of service. We obtained 95% confi-
dence intervals (Cls) for these rates using bootstrap methods.®% We
identified hospitals with SMMM or SNMM rates that were 10% higher
and significantly different from the average rate as outliers.

Information related to parity was missing for a large number
of patients. We excluded these patients from ecological analyses,
and included them as a separate category in comparisons involv-
ing the overall national rate. Since hospital tier of service and
delivery volume were potentially collinear, sensitivity analyses
estimated associations with only 1 of these determinants
included in the regression.

Ethics approval
The ethics review board of the University of British Columbia
approved the study (H17-00587).

Results

The study population included 235442 term, singleton deliveries
to patients with a previous cesarean delivery (Figure 1). The pro-
portion of patients with advanced age, pre-existing diabetes,
gestational diabetes and hypertensive disorders increased with
higher tiers of service (Table 1). Overall, 43337 (18.4%) patients
had a VBAC, 3437 had an SMMM (14.6 per 1000 deliveries) and
1001 of 219608 infants without congenital anomalies had an
SNMM (4.6 per 1000 live births). The most common severe mater-
nal morbidity was severe hemorrhage, followed by procedures to
the uterus, hysterectomy and complications of obstetric surgery.
Need for assisted ventilation was the most common serious neo-
natal morbidity. A total of 138462 patients had a parity of 1 and
their characteristics also varied by tier of service (Table 1).
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Figure 2: Hospital-specific rates of (A) severe maternal morbidity and maternal mortality (SMMM) and (B) serious neonatal morbidity and neonatal mor-
tality (SNMM) among singleton, term deliveries and live births to patients with a previous cesarean delivery by tier of obstetric service, Canada (exclud-
ing Quebec), April 2013 to March 2019. Each hospital’s SMMM and SNMM rate is represented by a circle, with error bars showing the 95% confidence
intervals (Cls). Note that the Y axes are truncated; thus, some point estimates and 95% Cls are not shown.
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Comparisons by tier of service and volume

A few hospitals had significantly higher rates of SMMM and
SNMM; this was unrelated to tier of service and delivery volume
(Figure 2 and Figure 3). A similar pattern of SMMM and SNMM
rates was observed among patients with a parity of 1 (Appendix 1,
Figure 1 and Figure 2), and in province- or territory-specific anal-
yses (Appendix 1, Figures 3-22).

When we aggregated hospitals using the common tiers-of-
service framework, VBAC rates were highest in tier 4 hospitals,
although there was no clear pattern by tier (Table 2). Rates of
SMMM were lowest in tier 1 hospitals and highest in tier 0 and tier
4 hospitals; SNMM rates were highest in tier 3 hospitals.

>

Among patients with a parity of 1, unadjusted analyses
showed that tier 4 hospitals, pre-existing diabetes and hyperten-
sive disorders were associated with higher SMMM rates, and tier
1 hospitals had lower rates (Table 3). Delivery volume and VBAC
were associated with higher rates of SNMM in the unadjusted
analyses. In adjusted analyses, SMMM rates were significantly
lower in tier 1 hospitals (adjusted IRR 0.68, 95% Cl 0.52-0.89) and
significantly higher in tier 4 hospitals (adjusted IRR 1.41, 95% ClI
1.05-1.91), compared with tier 2 hospitals, but delivery volume
was not associated with SMMM rates. Adjusted analyses showed
that SNMM rates were not associated with tier of service,
although SNMM rates were higher in higher-volume hospitals
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Figure 3: Hospital-specific rates of (A) severe maternal morbidity and maternal mortality (SMMM) and (B) serious neonatal morbidity and neonatal mor-
tality (SNMM) among singleton, term deliveries and live births to patients with a previous cesarean delivery by hospital delivery volume, Canada
(excluding Quebec), April 2013 to March 2019. Delivery volume refers to the number of deliveries to patients with a previous cesarean delivery in each
hospital. Each hospital’s SMMM and SNMM rate is represented by a circle, with error bars showing the 95% confidence intervals (Cls). Note that the

Y axes are truncated; thus, some point estimates and 95% Cls are not shown.
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Table 2: Numbers of deliveries to patients with a previous cesarean delivery, and associated rates of vaginal

birth after cesarean delivery, severe maternal morbidity and mortality, and serious neonatal morbidity and
mortality by tier of obstetric service, Canada (excluding Quebec), April 2013 to March 2019

No. of patients
with a previous

No. (rate per 100
deliveries) of

cesarean patients with
Variable delivery VBAC*
Overall
Tier 0 29 9(31.0)
Tier 1 21787 3971 (18.2)
Tier2 77524 13479 (17.4)
Tier 3 65297 10526 (16.1)
Tier4 70805 15352 (21.7)
Total 235442 43337 (18.4)
Parity of 1
Tier0 13 <5(<38.5)
Tier1 11534 1725 (15.0)
Tier 2 44573 6607 (14.8)
Tier3 39667 5481 (13.8)
Tier4 42675 8100* (19.0)
Total 138462 21921 (15.8)

No. of live
No. (rate per 1000 births No.
deliveries) of without (rate per 1000 live
patients with congenital births) of infants
SMMM* anomalies with SNMM*
<5(<172.4)t 27 0(0)
192 (8.8) 20327 62(3.1)
983 (12.7) 73186 321 (4.4)
777 (11.9) 61182 315 (5.1)f
1480* (20.9)1 64886 303 (4.7)
3437 (14.6) 219608 1001 (4.6)
<5 (< 384.6)t 11 0(0)
99 (8.6) 10747 36 (3.3)
541 (12.1) 42056 180 (4.3)
430 (10.8) 37167 185 (5.0)
840* (19.6)1 39121 177 (4.5)
1909 (13.8) 129102 578 (4.5)

Note: SNMM = serious neonatal morbidity and mortality, SMMM = severe maternal morbidity and mortality, VBAC = vaginal birth after cesarean delivery.
*Cells <5 suppressed to prevent reidentification of patients, and some cells rounded to the nearest 10 to prevent back calculation.
tThe rate was significantly higher than the rate in all the other tiers of service combined based on Fisher exact test (p < 0.05).

(adjusted IRR 1.02, 95% Cl 1.00-1.04 for a 100-delivery increase in
volume; Table 3). Adjusted analyses showed no significant asso-
ciation between rates of VBAC and SMMM, although SNMM rates
increased with increasing VBAC rates (adjusted IRR 1.02, 95% ClI
1.01-1.04). Regression models that estimated the effect of tier of
service without adjustment for delivery volume (and vice versa)
showed similar results (Appendix 1, Table 4 and Table 5).

Between-hospital comparisons

Among the 278 hospitals included in the analysis, within-tier
comparisons identified 24 outlier hospitals with regard to SMMM,
and 14 outlier hospitals with regard to SNMM. Comparisons
between each hospital’s stabilized and adjusted outcome rate
and the average rate for all hospitals identified 57 outlier hos-
pitals in the SMMM analyses and 56 outlier hospitals in the SNMM
analyses. With 1 exception, all hospitals identified as outliers in
the within-tier analyses were also identified as outliers in the
comparison against the overall rate. Outlier hospitals were iden-
tified in all tiers from tier 1 to 4 (Appendix 1, Tables 6-9).

Interpretation

We evaluated maternal and infant outcomes among patients with a
previous cesarean delivery, and found some associations between
rates of SMMM or SNMM and tier of hospital, but no clear pattern.
Adjusted delivery volume and VBAC rates were not associated with
SMMM rates, but higher delivery volume and higher VBAC rates

were associated with higher SNMM rates. Outlier hospitals, with
significantly higher rates of SMMM and SNMM, were identified in
every tier of service and in both low- and high-volume hospitals.

The absolute SMMM rate in the study population (14.6 per
1000 deliveries) was similar to previously documented SMMM
rates in Canada in 2012-2016 (16.1 per 1000 deliveries).> Unfor-
tunately, the absence of a standardized definition of SMMM lim-
ited between-study comparisons.?”*2 However, neonatal out-
comes were comparable between this study (4.6 per 1000 live
births) and a previous Canadian study (4.5 per 1000 live births),
which used the same SNMM definition.?”

Our study showed that most hospitals in Canada that deliv-
ered patients with a previous cesarean delivery had relatively
low rates of SMMM and SNMM, although a few hospitals in every
tier and in both low- and high-volume hospitals, had very high
rates. The pattern of SMMM and SNMM rates by tier of service and
volume suggests that overemphasizing hospital tier and volume
with regard to the safe delivery of women with a previous cesar-
ean delivery may be misplaced. Safe delivery of patients with a
previous cesarean delivery requires careful selection of candi-
dates for VBAC and careful management of labour and delivery,
irrespective of hospital tier or size.>° However, it should be noted
that our time- and place-specific study describes obstetric prac-
tice between 2013 and 2019. We did not assess specific practices
with regard to selection of candidates for attempted VBAC or
management. Although hospitals that performed well during the
study period will likely perform well with continued adherence to
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Table 3: Results of negative binomial regression analyses of associations between hospital factors with
severe maternal morbidity and mortality, and with serious neonatal morbidity and mortality, among

patients with a previous cesarean delivery and a parity of 1, Canada (excluding Quebec), April 2013 to
March 2019

Variable

Severe maternal morbidity and mortality
Tier of service

1

2

3

4
Delivery volume*
VBAC
Advanced maternal age
Pre-existing diabetes
Gestational diabetes
Hypertensive disorders
Serious neonatal morbidity or mortality
Tier of service

1

2

3

4
Delivery volume*
VBAC
Advanced maternal age
Pre-existing diabetes
Gestational diabetes

Hypertensive disorders

Unadjusted IRR (95% Cl)

0.65 (0.50-0.84)
Ref.
0.84 (0.68-1.03)
1.53(1.23-1.89)
1.02 (0.99-1.05)
1.01 (1.00-1.02)
1.00 (0.99-1.01)
1.26 (1.14-1.38)
1.01 (0.99-1.03)
1.05 (1.03-1.07)

0.86 (0.57-1.31)
Ref.

1.28 (0.93-1.77)

1.20 (0.85-1.71)

1.02 (1.00-1.03)

1.00 (0.99-1.01)
1.10 (0.94-1.30)
0.99 (0.96-1.02)

Adjusted IRR (95% CI)t

0.68 (0.52-0.89)
Ref.
0.89 (0.72-1.10)
1.41 (1.05-1.91)
1.00 (0.99-1.01)
1.00 (0.99-1.01)
1.00 (0.99-1.01)
1.10(0.99-1.22)
0.99 (0.97-1.01)
1.05 (1.01-1.09)

0.91 (0.59-1.41)
Ref.
1.26 (0.90-1.75)
0.81 (0.50-1.30)
1.02 (1.00-1.04)
1.02 (1.01-1.04)
1.00 (0.98-1.01)
1.06 (0.87-1.30)
0.97 (0.94-1.01)

( (
( (
( (
1.02 (1.00-1.04) (
( (
( (
( (
( (

1.02 (0.97-1.08) 1.04 (0.96-1.11)

Note: CI = confidence interval, IRR = incidence rate ratio, Ref. = reference category, VBAC = vaginal birth after cesarean delivery.

*Hospital delivery volume over the study period (in 100s of deliveries) was modelled as a continuous variable.

tAdjusted models included all variables listed, including tier of service, delivery volume, VBAC rate, the proportion of patients of advanced maternal age
(=35yr), and the proportion of patients with pre-existing diabetes, with gestational diabetes and with hypertensive disorders.

their practices, this may not necessarily follow if patient profiles,
practice patterns or hospital volumes change. Similarly, our
study findings cannot be extrapolated to home deliveries and
deliveries at birthing centres. On the other hand, outlier hospi-
tals with high SMMM and SNMM rates need to carefully reassess
patient selection for VBAC and labour management, irrespective
of their tier of service and delivery volume.?®

The higher SMMM rates among tier 4 hospitals and the higher
SNMM rates in hospitals with higher volumes were unexpected,
insofar as safety concerns have usually focused on small hospi-
tals. These disparities likely occurred because of management
differences such as in continuity of care or because larger hospi-
tals, with immediate availability of emergency services, enter-
tained higher thresholds for intervention. Although higher rates
of SMMM in tier 4 hospitals could be considered a consequence
of higher-risk patients being managed in these settings, other
reasons should be considered. First, our study design, which

used restriction (e.g., to patients with a single previous cesarean
delivery) and regression adjustment, likely addressed most con-
founding by higher-risk patients being managed in higher tier
hospitals. Such confounding also fails to explain the absence of a
similar disparity in neonatal outcomes. In addition, tier 4 hospi-
tals had the highest VBAC rates, which again argues against a
higher-risk subpopulation. Finally, the large variability within
each tier of service suggests hospital-specific differences in man-
agement rather than differences in tier-specific risk.2®

Delivery of patients with a previous cesarean delivery is
fraught (irrespective of hospital tier and size) because uterine
rupture results in an emergency, when the interval from decision
to delivery is critical.*"*° It is generally accepted that such an
emergency requires a timely cesarean delivery within 30 min-
utes. Although a short interval from decision to delivery can pre-
vent fetal and neonatal death, it may not necessarily prevent
severe maternal morbidity or serious neonatal morbidity.***
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Limitations

Limitations of our study include the possibility of residual con-
founding. Thus, differences in patient factors (e.g., smoking,
obesity, requests for a trial of labour, higher baseline risk) may
have resulted in higher SMMM rates in higher-tier hospitals. How-
ever, this cannot explain the higher VBAC and lower SNMM rates
in tier 4 hospitals. We did not quantify hospital-specific
attempted VBAC and elective repeat cesarean rates because a
trial of labour can be difficult to accurately identify in large data-
bases. Similarly, we did not include stillbirths in the outcome
because of an inability to distinguish between antepartum and
intrapartum fetal deaths.

Conclusion

Our study shows that rates of serious adverse maternal and neo-
natal outcomes among deliveries to patients with a previous
cesarean delivery did not decrease with increasing hospital tier
of obstetric service and delivery volume. Most hospitals had rela-
tively low rates of SMMM and SNMM; a few hospitals in each tier
of service and in both low- and high-volume hospitals had signifi-
cantly higher rates of SMMM and SNMM. All hospitals should con-
tinually review their adverse maternal and neonatal outcome
rates as part of a quality improvement process, which should be
carried out irrespective of hospital tier or size.
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