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Trends in elective and ruptured abdominal aortic aneurysm
repair by practice setting in Ontario, Canada, from 2003
to 2016: a population-based time-series analysis
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Background: Recent years have seen centralization of vascular surgery services in Ontario. We sought to examine the trends in
overall and approach-specific elective and ruptured abdominal aortic aneurysm repair by hospital type (teaching v. community).

Methods: We conducted a population-based time-series analysis of elective and ruptured abdominal aortic aneurysm repairs in
Ontario, Canada, from 2003 to 2016. Quarterly cumulative incidences of repairs per 100 000 Ontarians aged 40 years and older were
calculated. We fit exponential smoothing models to the data stratified by approach and hospital type to examine repair trends.

Results: We identified 19 219 elective and 2722 ruptured repairs between 2003 and 2016. The cumulative incidences of overall elec-
tive repair and elective open surgical repair decreased by 1.15% (p = 0.008) and 67% (p < 0.001), respectively, in teaching hospitals
and by 23% (p < 0.001) and 60% (p < 0.001), respectively, in community hospitals. The cumulative incidence of elective endovascu-
lar repair increased 667% in teaching hospitals (o < 0.001). Elective endovascular repair began in community centres after 2010 and
increased to 0.98/100 000 (p < 0.001), resulting in a rebound in overall elective repair in the community. Overall ruptured repairs and
ruptured open repairs decreased by 84% (p < 0.001) and 88% (p = 0.002), respectively, at community hospitals. Ruptured endovas-
cular repairs at community hospitals increased from no procedures before 2006 to 0.03/100 000 in 2016 (p = 0.005).

Interpretation: There has been substantial uptake of endovascular aortic repair in teaching and community hospitals in Ontario, and
community hospital uptake of endovascular repair has begun decentralization of abdominal aortic aneurysm repair. Increased experi-
ence and training in endovascular repair and reduced specialized care requirements will probably lead to continued decentralization.

t is well known that open surgical repair of abdominal

aortic aneurysm is associated with 30-day mortality as

high as 7%.! However, studies have shown that outcomes
can be improved when this surgery is conducted at experi-
enced centres. Landon and colleagues reported that perioper-
ative mortality at centres conducting more than 50 open
repairs per year was more than 3% lower than at centres that
conducted fewer than 10 per year.! Elsewhere, larger hospital
size, academic hospital type and greater annual surgeon vol-
ume have been associated with significantly lower 30-day
complication and reoperation rates.”* Consequently, many
jurisdictions have moved toward centralization of abdominal
aortic aneurysm care to improve patient outcomes.

The advent of endovascular aortic repair, a minimally inva-
sive alternative to open surgical repair, may have removed the
need for centralization. Studies comparing endovascular to
open abdominal aortic aneurysm repair have demonstrated
superior short-term mortality and morbidity for endovascular
repair, as well as shorter procedure times, lower transfusion
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requirements, shorter ventilation times and reduced intensive
care unit and hospital lengths of stay.*” However, others have
demonstrated a loss of mortality benefit with long-term
follow-up, higher re-intervention rates primarily for treat-
ment of leaks, the need for lifelong surveillance to monitor for
and address complications, and potential cost-effectiveness
issues® 3 (Box 1). Furthermore, work has also shown the
importance of individual volume requirements for compe-
tence in endovascular repair and significant shortening of the
learning curve for surgeons who learn at experienced cen-
tres.'*1 These factors suggest that even though endovascular
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Box 1: Advantages and disadvantages of endovascular
aortic aneurysm repair

Advantages

¢ Does not require general anesthesia

e Shorter procedure times

¢ Lower transfusion requirements

e Lower perioperative mortality

e Lower rates of cardiopulmonary complications

* Shorter intensive care unit and hospital lengths of stay

¢ Higher likelihood of discharge home

Disadvantages

¢ Limited by aortic and iliac anatomy

¢ Need for fluoroscopy and use of intravenous contrast
¢ Higher immediate and potentially long-term costs

¢ Higher reintervention rates for endoleak, graft migration, limb
thrombosis and secondary rupture

¢ Uncertain long-term outcomes
* Need for lifelong surveillance and repetitive radiation exposure

aortic repair is associated with better outcomes and fewer
requirements for specialized care, abdominal aortic aneurysm
repair should remain centralized at large academic hospitals.
"The approach-specific trends in elective and ruptured abdom-
inal aortic aneurysm repair by practice setting have not been
well studied, and the results of efforts to centralize abdominal
aortic aneurysm care in the endovascular era are not clear.
"The purpose of the present study is to determine the trends in
open and endovascular procedures for elective and ruptured
abdominal aortic aneurysm repair stratified by practice setting
in Ontario, Canada, from 2003 to 2016.

Study design and setting

We conducted a population-based trends analysis of open sur-
gical and endovascular procedures for elective and ruptured
abdominal aortic aneurysms repair in Ontario.

Data sources

Data for this study were obtained from ICES, a prescribed
entity governed under Ontario’s Personal Health Information
Protection Act. ICES stores and manages data derived from
multiple primary data sources that contain information on use
of ambulatory, emergency and inpatient health care system
interactions requiring the use of an Ontario health card.
These data are anonymized and linked using a key number.
The specific data sets used for this study were the Canadian
Institute for Health Information Discharge Abstract Database
and Same Day Surgery Database, the National Ambulatory
Care Reporting System database, the Ontario Health Insur-
ance Plan database and the Institution Information System
database.'® Canadian Institute for Health Information data-
bases have been the subject of one of the largest validation
studies conducted internationally.!” This reabstraction study
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of approximately 14 500 discharges demonstrated greater than
99% agreement regarding demographic and admission data
and very high agreement, sensitivity and specificity for proce-
dure coding. Other validation studies have devised highly
accurate definitions using the above databases for a variety of
health conditions including hypertension, coronary artery dis-
ease, diabetes and stroke.!8-*7

Patient cohort

Our study cohort consisted of all Ontarians 40 years of age
and older who underwent elective and ruptured abdominal
aortic aneurysm repair in Ontario, Canada, between Apr. 1,
2003, and Mar. 31, 2016. We identified patients who under-
went elective and ruptured open and endovascular repair
using a combination of the Canadian version of the Interna-
tional Statistical Classification of Diseases and Related Health Prob-
lems, 10th Revision, the Canadian Classification of Health
Interventions, and Ontario Health Insurance Plan diagnostic,
procedure and billing claims codes according to our validated
algorithm.!® Practice setting for each repair was identified
using the teaching hospital designation from within the Insti-
tution Information System database (Appendix 1, available at
www.cmajopen.ca/content/7/2/E379/suppl/DC1).

Statistical analysis

The study period was divided into 52 quarterly intervals from
Apr. 1, 2003, to Mar. 31, 2016. We then generated counts of
overall and approach-specific elective and ruptured repairs for
each quarterly interval and calculated quarterly cumulative
incidences of repair stratified by practice setting (teaching v.
community hospital), using the population of Ontarians aged
40 years and older according to the 2015 Canadian census and
projections, as the denominator. Time-series analyses were
conducted to examine the trends of overall and approach-
specific elective and ruptured repair. We fit additive and multi-
plicative Winters exponential smoothing models to the strati-
fied overall and approach-specific repair data.?®?* Exponential
smoothing model appropriateness was assessed using autocor-
relation, and partial and inverse autocorrelation plots, as well
as the Box-Ljung statistic. Model fit was evaluated using
Akaike’s information criterion and the adjusted R* values. Sta-
tistical significance was set at a 2-sided p value of 0.05. All sta-
tistical analyses were conducted in SAS Enterprise Guide ver-
sion 7.14 (SAS Institute Inc.).

We used choropleth maps to visually demonstrate changes
in overall and approach-specific cumulative incidences of
repair. Administrative health regions known as Local Health
Integration Networks (LHINSs) were used to present the data
because this information is readily available and reliable
within Ontario administrative data. Furthermore, the LHIN
geographic subdivisions correlate well with the presence of
teaching and nonteaching hospitals, with primary teaching
hospitals located in 4 of the 14 LHINs (2 [South West], 4
[Hamilton-Niagara-Haldimand-Brant], 7 [Toronto Central]
and 11 [Champlain]) (Appendix 1). Mean quarterly cumula-
tive incidences of LHIN-specific repairs before 2010 and after
2010 inclusive were calculated using the Ontario population



aged 40 years and older. The study period was divided into
the aforementioned periods to demonstrate changes in cumu-
lative incidences after the commencement of endovascular
repair in community settings.

Ethics approval

This study was approved by the research ethics board at Sun-
nybrook Health Sciences Centre, Toronto, Ontario. The
requirement for informed consent was waived because of the
use of secondary data.

We identified 19 219 elective and 2722 ruptured repairs from
Ontario administrative data. Of the patients who underwent
elective repairs, 11 985 (62 %) underwent open and 7234 (38%)
underwent endovascular repair. Of the patients who underwent
ruptured repairs, 2458 (90%) underwent open and 264 (10%)
underwent endovascular repairs. The mean age was 72.74
(standard deviation [SD] 8.07) years in the elective subgroup
and 73.51 (SD 8.93) years in the ruptured subgroup. Most
patients within each subgroup were men (15 813 [82%] in the
elective subgroup and 2178 [80%] in the ruptured subgroup).
Approximately two-thirds of all elective repairs during
the study period were conducted at teaching hospitals
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(12 693/19 219), while 57% of ruptured repairs were conducted
at teaching hospitals (1562/2722). Elective and ruptured open
repairs were almost equally split between teaching and com-
munity hospitals, with 56% (6724/11 985) of elective and 54%
(1336/2458) of ruptured open repairs conducted at teaching
hospitals. However, 83% (5969/7234) of elective and 86%
(226/264) of ruptured endovascular repairs were conducted at
teaching hospitals.

Examination of the practice setting data over time revealed
an initial increase in elective repairs at teaching centres, fol-
lowed by a decrease beginning around 2010; there was a
1.15% overall reduction over the study period (from
3.62/100 000 in the second quarter of 2003 to 3.58/100 000 in
the second quarter of 2016, p = 0.008). In contrast, the cumu-
lative incidence of elective repairs in community centres
decreased initially then rebounded beginning around 2010.
Overall, this number decreased by 23% (from 2.61 to
2.00/100 000, p < 0.001) (Figure 1). In teaching centres, as the
cumulative incidence of elective open repair declined (from
3.30 to 1.09, 67% decrease, p < 0.001), the cumulative inci-
dence of elective endovascular repair increased (from 0.34 to
2.49/100 000, 667% increase, p < 0.001). In contrast, com-
munity centres showed a 60% decline in the cumulative inci-
dence of elective open repair (from 2.61 to 1.03/100 000, p <
0.001), whereas elective endovascular repair started to

Cumulative incidence rate per 100 000 Ontarians
aged = 40 yr

2002 2004 2006

2008

2010 2012 2014 2016
Year

Overall teaching
— — = Overall community

Open teaching
Open community

Endovascular teaching
Endovascular community

Figure 1: Actual overall and approach-specific cumulative incidences of elective abdominal aortic aneurysm repair by prac-

tice setting in Ontario from 2003 to 2016.
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increase after 2010, reaching 0.98/100 000 in the second
quarter of 2016 (p < 0.001). Ontario choropleth maps of mean
overall and approach-specific cumulative incidences of elec-
tive repair by LHIN before and after 2010 further illustrate
these findings visually (Appendices 2-7, available at www.
cmajopen.ca/content/7/2/E379/suppl/DCL1).

There were similar trends in the overall and approach-
specific cumulative incidence of ruptured repair at teaching
centres, but these were not statistically significant (Figure 2).
The cumulative incidence of ruptured repair decreased by
71% (from 0.90 to 0.25/100 000, p = 0.3), the cumulative inci-
dence of ruptured open repair decreased by 80% (from 0.90
to 0.18/100 000, p = 1.0), and the cumulative incidence of rup-
tured endovascular repair increased from 0 to 0.07/100 000
(p = 0.1). Nonteaching centres saw similar but statistically sig-
nificant decreases in overall ruptured repairs (from 0.72 to
0.11/100 000, 84% decrease, p < 0.001) and ruptured open
repairs (from 0.72 to 0.08/100 000, 88% decrease, p = 0.002)
and a concomitant statistically significant increase in ruptured
endovascular repairs, from no procedures until late 2006 to
0.03/100 000 in 2016 (p = 0.005). Appendices 8-13 (available
at www.cmajopen.ca/content/7/2/E379/suppl/DCI1) illustrate
these findings using choropleth maps of mean overall and
approach-specific cumulative incidences of ruptured repair by
LHIN before and after 2010.

Our population-based time-series analysis of overall and
approach-specific elective and ruptured repairs in Ontario from
2003 to 2016, grouped by practice setting, demonstrated signifi-
cant uptake of endovascular repair in teaching hospital settings
and, a couple of years later, in community hospital settings. Fur-
thermore, although cumulative incidences of endovascular
repair were higher in teaching centres in both elective and rup-
tured contexts, the commencement of endovascular repair in
community hospitals after 2010 demonstrates the beginnings of
decentralization of abdominal aortic aneurysm care in Ontario.
Studies investigating the organization of aneurysm surgery
services in the endovascular era are sparse. In the only Cana-
dian study to examine the effect of endovascular repair on the
organization of aneurysm surgery, Forbes and colleagues dem-
onstrated an increase in infrarenal elective case volume from
1997 to 2003, at a tertiary teaching centre in southwestern
Ontario.*® This increase was attributed to increases in referral
rates from increasingly distant geographic regions and was
accompanied by an increase in the proportion of these patients
who received endovascular repair. Using Ontario-wide data, we
confirmed the continuation of centralization of abdominal aor-
tic aneurysm surgery to teaching centres until approximately
2010, when endovascular repair was introduced in community
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Figure 2: Actual overall and approach-specific cumulative incidences of ruptured abdominal aortic aneurysm repair by

practice setting in Ontario from 2003 to 2016.
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settings and overall elective repair incidence began to recover.
The well-known, substantially lower perioperative mortality
risk associated with endovascular repair could have facilitated
the commencement of decentralization to the community.*¢
However, the studies from which these results are derived were
conducted in experienced, high-volume centres, which may not
reflect the effectiveness of endovascular repair in all practice
settings. Indeed, research has demonstrated volume—outcome
relationships for both open and endovascular repair. In a recent
population-based study, Zettervall and colleagues demonstrated
lower perioperative mortality at hospitals within the highest
volume quintiles of endovascular repairs (= 30 cases per year).’!
Such studies have led the Society for Vascular Surgery to rec-
ommend minimum annual volumes of 10 cases for proficiency
with open and endovascular repair.’” In Ontario, funding of
endovascular repair programs is conditional on more conserva-
tive volumes (30 cases per year). Increased experience, training
and the minimal specialized perioperative care requirements
have allowed these volumes to be achieved in community set-
tings. Furthermore, patient preference may also have facilitated
the development of these volumes. In a survey of 67 Ontarians
with abdominal aortic aneurysms, Landau and colleagues found
that 56% of patients would prefer surgery at a centre within a
1-hour drive of their place of residence assuming no difference
in a baseline 2% perioperative mortality risk.**

The potential decentralization of endovascular repair in
Ontario may have important implications for reduction of rup-
ture. We demonstrated a decrease in the cumulative incidence
of ruptured repair in both community and teaching centres.
This may be related to the increasing availability of routine
endovascular repair, making referral to and a wait for endovas-
cular repair at a tertiary academic centre unnecessary, in turn
reducing the incidence of rupture while patients are awaiting
repair. Data on wait times from Health Quality Ontario dem-
onstrated an average 48-day wait to see a vascular surgeon for
abdominal aortic aneurysms in 2018, with an average 42-day
wait until repair.’** However, these data are only available since
2015, do not encompass all Ontario hospitals and do not allow
assessment of how these times have changed over the study
period. Alternatively, the reductions in the incidence of rup-
ture may be the result of endovascular repair being a manage-
ment option for patients with comorbidities who are not can-
didates for open surgery. However, the EVAR 2 randomized
trial of 388 patients physiologically unfit for open repair dem-
onstrated no significant difference in all-cause mortality
between endovascular repair and surveillance groups (hazard
ratio 1.21; 95% confidence interval 0.87-1.69; p = 0.3).* The
declining cumulative incidences of ruptured repair are proba-
bly related to declining rates of abdominal aortic aneurysm
diagnosis, secondary to improved management of cardiovascu-
lar risk factors and reductions in smoking prevalence.’**

Limitations

The limitations associated with population-level research should
be taken into consideration when interpreting our study results.
First, we used administrative codes to identify our patient
cohorts. Although we validated our coding algorithms, our chart
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reabstraction methodology only allowed us to calculate the posi-
tive predictive values of our codes. Thus, despite confirming
high positive predictive values for our codes, our study may
underrepresent the number of open and endovascular repairs of
elective and ruptured abdominal aortic aneurysms conducted
during the study period as we were not able to calculate the sen-
sitivity of these codes. Second, our work was conducted using
Ontario administrative data. Consequently, our findings may
have limited generalizability secondary to demographic and geo-
graphic factors and the presence of a single-payer publicly
funded health care system. The latter may limit generalizability
to jurisdictions with other health care system payment models.
Similarly, demographic and geographic factors not included in
our analyses may play a role in the trends of repair approach
uptake. Consequently, care should be taken not to extrapolate
the findings of this study outside of the scope of trend analysis.

Conclusion

Our population-based time-series analysis demonstrated signifi-
cant endovascular repair uptake in both teaching and com-
munity hospitals in Ontario from 2003 to 2016. The develop-
ment of endovascular repair programs at community hospitals
has begun a resurgence of abdominal aortic aneurysm repair in
community settings. Equivalent perioperative outcomes in com-
munity and teaching hospitals, increased experience with and
training in endovascular repair, and lack of need for specialized
intensive care unit teams following endovascular repair have
probably contributed to this decentralization. These findings
have important implications for planning for vascular surgery
resource distribution in Ontario. It is likely that this shift will
result in specialization of teaching centres in complex fenes-
trated and branched endovascular aortic repair. However, the
trends in the latter types of repairs remain to be investigated.
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