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regionalization can affect cost, quality, and access, key aspects of any 
health care system.

There are many considerations when planning the optimal organization of health care delivery. The policy of 
regionalization of health services - the provision of care at a limited number of sites - can affect cost, quality, and 
access, key aspects of any health care system. A potential consequence of regionalization is variation in service 
utilization across regions, which may be a reflection of insufficient access to care in some areas and over-
provision in others. While variations are not necessarily undesirable if varying health requirements are being met, 
describing the extent of that variation is an important first step in understanding any potential adverse health 
implications.

Across the Maritime provinces, there are different models governing the provision of surgical care. Cardiac 
surgery, for example, is provided at two facilities, one in Halifax, Nova Scotia (NS) and the other in Saint John, 
New Brunswick (NB), while major orthopaedic procedures are performed at more hospitals across NS, NB , and 
the Queen Elizabeth Hospital in Charlottetown, Prince Edward Island (PEI). In this report, we describe rates of 
coronary artery bypass graft surgery (CABG), and hip and knee replacement surgeries across geographic regions 
in NB, NS, and PEI. Changes in these rates over time are also described.

EXECUTIVE
SUMMARY
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DR. ADRIAN LEVY, PHD 
Adrian R. Levy PhD is Professor and Head of the 

Department of Epidemiology and Community Health at 
Dalhousie University and a District Chief in the Nova Scotia 

Health Authority. He is the nominated principal 
investigator for the Maritime Strategy for Patient-Oriented 

Research SUPPORT Unit and the co-principal investigator 
and Nova Scotia Database team leader on the Canadian 

Network of Observational Drug Effect Studies. He is author 
of over 130 peer reviewed publications and is the co-editor 

on the Springer Handbook of Health Services Research 
volumes on Comparative Effectiveness Research and on 
Data and Measures. His academic interests lie in health 

services research including measurement and valuation, 
health technology assessment, pharmacoepidemiology, 

quality of life, and access to care.

I am extraordinarily pleased - and proud - to see this report coming into production. The 
report’s genesis was the application for funding submitted to the Canadian Institutes of Health 
Research (CIHR), entitled A Strategy for a Patient-Oriented Research SUPPORT Unit in the Maritime 
Provinces. In anticipation of a request from the peer-review committee adjudicating the final 
application, CIHR requested that the business case include plans for a “Demonstration Project” 
to demonstrate the functioning of the Unit1. 

The phenomenon of small area rate variations in health services was first demonstrated 
some 85 years ago when Glover (1938) revealed striking eightfold differences in the rates 
of tonsillectomy among British schoolchildren based on where they lived. Since then, rate 
variations in health services delivery have generated many hypotheses for improvements in 
health care. A key element of the rationale behind the 2010 United States Affordable Care Act 
was small area rate variations demonstrated by the Dartmouth Atlas.

In the current Report, we look at smaller area variations in three surgical procedures, coronary 
artery bypass surgery and hip and knee replacement, in Canada’s Maritime provinces of New 
Brunswick (NB), Nova Scotia (NS), and Prince Edward Island (PEI).  Coronary artery bypass 

1   The feedback from CIHR was as follows: “Demonstrating how the SUPPORT Unit will be used to bring        
     about transformation

• The business plans generally explain clearly how the Unit will function at a high level or in theory in terms     
 of its activities. However, we believe the adjudication panel will want to see a clear demonstration of how  
 the SUPPORT Unit’s activities will feed into specific projects to achieve transformational outcomes.

• This will likely evolve considerably over the life of the Unit, but having a clearer sense of the storyline at this  
 point through a demonstration project will help bring the concepts to life.

• Areas to cover here would include how projects will get launched; who will initiate and drive these and what are  
 the likely results.”                                                                                                                                                                                                                                                                                          

 Nominated Principal Investigator
MESSAGE FROM THE MSSU
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surgery is performed only in Saint John, NB, and Halifax, NS, and residents of PEI must travel to one of those 
two locations to undergo the operation. When this occurs, two-way transport by ambulance is typically 
required. In contrast, hip and knee replacement are less centralized, being performed in eight hospitals 
in NB, five in NS, and one in PEI. The Maritimes are a particularly insightful place to study small area rate 
variations due to: 

 • small population size, which means that services are necessarily centralized; 
 • geography, which means that all areas of the Maritimes are accessible through ground   
                 transportation and large proportions of the populations live near a provincial border; 
 • administrative disaggregation of health provision by health authorities with 
  understandings  between provinces for the delivery of care to residents of other provinces;  
 • a single medical school around which tertiary care services are organized; and 
 • a variety of service models for delivering different types of operations. 

As such, much useful information and knowledge can be gleaned by study of geographic variations 
in these three procedures across the Maritimes.  This Report presents baseline information to which 
investigators planning new analytic and intervention studies can refer back. 

Beyond addressing a substantive question of regionalization and interprovincial provision of care, the 
Demonstration Project was designed to highlight the following five elements in the functioning of the Unit:

 • addressing a question of relevance to the NB Department of Health and the NS and PEI  
  Departments of Health and Wellness;  
 • demonstrating data access in all three provinces;  
 • creating standardized analytic data sets; 
 • interprovincial sharing of study context, methods and results; and 
 • interprovincial collaboration on developing a protocol to be followed in each province. 

This report is tangible evidence that the project was successful in demonstrating each of these elements. 
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MAIN 
FINDINGS
Age- and sex-standardized rates of CABG declined between 2001 and 2012 in NS, while rates stayed 
relatively constant in NB until 2008 and then declined thereafter. This decreasing trend is consistent with 
national studies and likely reflects greater use of percutaneous coronary interventions. In contrast, age- 
and sex-standardized rates for both hip and knee replacements increased over the study period for all 
three Maritime provinces. This also mirrors national trends and is likely related to an aging population, 
rising obesity and a growing recognition of the effectiveness of these procedures. 

there are within-province geographic variations of surgical 
rates by region

rates of cardiac surgery showed small declines over the period, 
while rates of orthopaedic procedures increased steadily

rates of cardiac surgery were higher for men, while those of 
orthopaedic surgeries were higher for women

In general, age-adjusted CABG rates were higher for men than for women, in both NB and NS. The 
opposite was observed for hip and knee surgery rates, with women having higher rates across all 
three Maritime provinces, though this was less consistent in PEI. 

There were observed differences across regions of residence in age/sex-adjusted rates over the 2001-
2012 period for each of the Maritime provinces. These included variations between northern and 
southern NB, and between NS’s Cumberland region (which borders the Moncton health region in NB). 
Hip and knee surgery rates for patients living in rural regions of PEI were higher during some portions 
of the study period. These differences reflect interesting implications for access to health care and 
patient satisfaction. 
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INTRODUCTION
DEMONSTRATION REPORT

there are within-province geographic variations of surgical 
rates by region

While regionalization can result in lower costs 
and improved quality of care, these benefits must 
be weighed against the potential for reduced 
access to care when evaluating overall impact on 
patient outcomes. Having to travel further for a 
service or rely on limited treatment options from 
local providers can impose barriers to appropriate 
care, evident in geographic variations in rates of 
service.7 Geographic variations in surgical care 
have been studied extensively in Canada and 
internationally,21–25 with some focusing on specific 
surgery types (e.g., cardiac,26,27 orthopaedic28–30) while 
others show comparisons across a broad range of 
surgical categories.23,25,31 It is important to note that 
not all variation is necessarily bad,23 as particular 
circumstances of each health care system must be 
considered. It is clear, though, that the large body of 
research on the subject reflects, in part, the crucial 
policy implications of variations in care, including 
resource allocation decisions.

Regionalization, or centralization, of health services 
is the provision of health care at a limited number of 
provider sites;1 by concentrating resources at fewer 
locations, it is believed that the health care system 
can reduce waiting, increase quality and realize cost 
savings by avoiding duplication of capital resources 
and highly trained personnel.2,3 By allowing a few sites 
to specialize in a health care service, coordination 
of care can improve4 and provider experience can 
increase,5,6 arguably leading to better health care 
system quality and health outcomes for patients. For 
example, regionalization can be particularly beneficial 
in the area of surgical care. Specialized equipment and 
highly trained personnel requirements indicate that 
surgery is potentially well-suited to realize gains in 
performance and efficiency through regionalization. 
In an early study, Luft et al.5 hypothesized that the 
quality of care improves with experience across a 
range of surgical procedures. Results suggested a 
link between increased regionalization and lower 
mortality rates.  Since this seminal work, researchers 
have undertaken in-depth studies of specific types of 
surgeries including cardiac,6–9 cancer,10–12 vascular,13,14 
neurosurgery,15 and orthopaedics.16–20 

STUDY OBJECTIVE: 
COMPARING MODELS OF SURGICAL CARE IN THE MARITIMES
 
 
To date, variation in surgery types has not been studied in NS or PEI, and few studies have examined variation 
in surgery rates in NB. While the three provinces are close in geography, each offers slightly different models 
in the provision of surgical care. Small geography, an aging population, and a reliance on interprovincial 
resources to provide services to patients present a unique opportunity to study variation in surgical rates 
in the Maritimes. The objective of this descriptive study was to, within each province, compare rates across 
geography and over time of a regionalized surgical service – coronary artery bypass graft or CABG – with 
those of major orthopaedic surgeries (i.e., hip and knee replacements), which are offered at numerous 
hospitals across the Maritime provinces. Each of the three types of surgery selected for this research have 
been categorized as “clinically effective”23 and are all procedures targeted by Canada’s first ministers as wait-
time reduction priorities.32 
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GEOGRAPHICAL REGIONS AND HOSPITAL LOCATIONS IN THE MARITIME PROVINCES

New Brunswick is the eighth most populous (756,800 in 2012),33 as well as the eight largest by 
landmass, of Canadian provinces. The NB health care system is organized into seven Health Zones that 
correspond to the larger population centres of the province and surrounding areas, and two regional 
health authorities (RHAs) serving  communities of anglophone and francophone majority. Cardiac 
surgical care is centralized at one location: the New Brunswick Heart Centre located in the Saint John 
Regional Hospital (SJRH). Hip and knee replacement surgeries are offered at ten hospitals in NB, 
including the SJRH and the Moncton Hospital. 

Nova Scotia is the seventh most populous Canadian province (944,500 in 2012)33 and ninth in 
landmass. For the period under study, the health care system was organized into nine geographic 
District Health Authorities (DHAs), along with the IWK Health Centre for women and children. (This 
changed on April 1, 2015 with the amalgamation of the nine geographic DHAs). While the provincial 
government was ultimately responsible for overall administration (including resource allocation and 
maintaining provincial standards), prior to the amalgamation in 2015, each DHA provided region-
specific policies and governance in the administration of health services and population health 
interventions. In NS, CABG is offered in one location, at the Queen Elizabeth II Health Centre (QEII) in 
Halifax. Hip and knee replacement surgeries are undertaken at the QEII and in hospitals in Dartmouth, 
Sydney, New Glasgow, Kentville, and Halifax.

Prince Edward Island is the smallest province in Canada in terms of population (145,300 in 2012)33 
and landmass. It has seven acute care hospitals administered by Health PEI since 2010. In 2005, 
administration was transferred from four district health authorities to the Department of Health. Hip 
and knee replacement surgeries are provided at the Queen Elizabeth Hospital in Charlottetown, the 
only site offering these services in the province.
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THE STUDY
STUDY POPULATION AND TIMEFRAME 
The Canadian Institute for Health Information (CIHI) Discharge Abstract Database (DAD) was utilized to 
identify adults aged 18 years and older who had a CABG or hip/knee replacement surgery with a hospital 
discharge between April 1, 2001 and March 31, 2013. 

ESTABLISHED DEFINITIONS
Surgery types were determined using the Canadian Classification of Health Interventions procedure 
codes (CCI) as developed by CIHI34; CABG was coded as 1.IJ.76.xx, hip replacement as 1.VA.53.xx and knee 
replacement as 1.VG.53.xx. Annual population data stratified by age and sex were obtained from Statistics 
Canada.35 – 37 

POPULATION ESTIMATES FOR GEOGRAPHIC AREAS
The forward sortation area, the first three letters of postal codes, was used to determine patient region 
of residence. To provide meaningful geographical units of variation, regions were divided into Health 
Zones for NB and District Health Authorities for NS. As PEI’s separate health authorities were dissolved in 
2005, geography was divided into two urban and two rural regions corresponding to Summerside and 
Charlottetown areas, and Prince and Queens/Kings areas, respectively. Region-, age- and sex-specific 
population estimates for NB and NS were obtained directly from Statistics Canada36 and estimated from 
published Statistics Canada census tables for PEI.

ANALYSIS
For each the three types of surgery, counts were obtained for the entire adult population of each province 
for each year, region, age and sex stratum. Direct standardization was used to adjust overall and sex-
specific annual rates of each surgery (per 1000) to the age and sex distribution of the 2011 total Maritime 
population36.  Provincial age- and sex-adjusted rates were plotted over time by surgical procedure. For each 
province, these rates were aggregated over four-year intervals by provincial region and mapped using 
geographic information system software.
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FINDINGS
care). In general, procedures with the highest degree 
of variation are those that are the most discretionary 
(i.e., have the most disagreement among health 
care professionals regarding their indication for 
treatment31,45). Of procedures studied, the smallest net 
change in provincial surgical utilization rates between 
2001 and 2012 were for hip surgeries in NS and PEI, 
and CABG in NB. 

2)   Rates of cardiac surgery were higher 
for men, while those of orthopaedic 
surgeries were higher for women.

In general, age-adjusted CABG rates were more than 
three- to five-times higher for men than for women in 
both NB and NS. The reverse was mostly true, though, 
when looking at hip and knee surgery rates, with 
women having higher rates across all three Maritime 
provinces. Hip replacement rates were approximately 
50% higher for NB and NS women. The same trend 
was observed for knee replacement surgeries though 
the difference between men and women was not 
as large.  In PEI, hip replacement surgery rates were 
roughly equal for men and women in 2005 and those 
for knee surgeries for men were equal to or higher 
than those for women in 2001, 2003, 2005, and 2010. 
 
Sex differences in cardiac and orthopaedic surgery 
rates are not unique to Maritime provinces. During 
the study period, Canadian men were more likely to 
be hospitalized for cardiovascular disease, and rates 
of CABG for these patients were comparably higher 
across all provinces.46  In addition to lower rates, 
women tend to manifest more severe cardiovascular 
disease later in life, perhaps reducing their candidacy 
for surgery relative to younger men.47 From 2006 
through 2011, national rates of hip and knee 
replacement surgeries were found to be just over 15% 
and 30% higher for women, respectively.48 This may 
be attributed to increased rates of arthritis in women 
versus men49, resulting in sex-related differences 
in aging that necessitate more joint replacement 
surgeries for women.
 

1) Rates of cardiac surgery were 
fairly stable over time, while those of 
orthopaedic surgeries have increased 
steadily.

Tables 1a - 1c  (see pages 11) present the total counts 
of each surgery type by province, from 2001 to 2012 
fiscal years, inclusive. The number of CABG surgeries 
has remained steady or declined slightly over time, 
while the orthopaedic surgery numbers rose over the 
same timeframe. Overall and sex-specific adjusted 
rates per 1,000 people are presented in Table 2a 
(CABG)(see page 12), Table 2b (hip replacement) 
(see page 12), and Table 2c (knee replacement) (see 
page 13). Linear trends in overall adjusted rates by 
region are presented in Figure 1a (CABG) (see page 
13), Figure 1b (hip replacement) (see page 14) and 
Figure 1c (knee replacement) (see page 14). 

Age-standardized rates of CABG declined over the 
period in NS, while rates in NB stayed relatively 
constant until 2008 and then declined thereafter. This 
decreasing trend is consistent with national studies38,39 
and likely reflects greater use of percutaneous 
coronary interventions.40 In contrast, age-standardized 
rates for both hip and knee replacements increased 
over the study period for all three provinces. (As 
Figures 1b and 1c show (see page 11), PEI appears 
to follow similar trends over time to those for NS and 
NB, though the smaller number of surgeries results 
in greater year-over-year variation.) These trends 
reflect similar increases in joint replacements seen 
in Canada39 and around the world41 and are likely 
attributable to an aging population, rising obesity and 
a growing recognition of the effectiveness of these 
procedures.41–44 

There are multiple factors that may determine the 
degree to which rates of surgical procedures fluctuate 
over time. One possibility is that the indications for 
CABG are less open to interpretation and therefore 
less discretionary than those for hip and knee 
procedures (criteria for discretionary status consist of 
the degree of necessity, the level of agreement about 
indicators, and number of alternative options for 



Table 1a. Total Counts of Selected Surgeries Performed in 
NS (2001 - 2012)

Table 1b. Total Counts of Selected 
Surgeries Performed in NB (2001 – 2012)
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 Cardiac Surgery
Year CABG    Hip Replacement   Knee Replacement
2001  1050  967  881
2002  1032  1103  1095
2003  1092  1192  1117
2004  887  1184  1197
2005  838  1215  1260
2006  791  1080  1124
2007  770  1109  1178
2008  696  1252  1472
2009  665  1342  1654
2010  622  1406  1770
2011  635  1398  1816
2012  673  1499  1872
Total  9751  14747  16436

Orthopaedic Surgeries

Note: Individuals may be counted more than once

 Cardiac Surgery

 Year CABG Hip Replacement Knee Replacement
2001  556  806  753
2002  557  889  868
2003  579  914  885
2004  539  888  910
2005  549  972  1100
2006  536  993  1015
2007  546  997  1103
2008  612  1025  1134
2009  609  1040  1187
2010  582  1134  1231
2011  551  1197  1437
2012  540  1174  1497

Total  6756  12029  13120
Note: Individuals may be counted more than once 

Orthopaedic Surgeries

Table 1c. Total Counts of Selected Surgeries 
Performed in PEI (2001 – 2012)

 Year Hip Replacement Knee Replacement
2001  60  71
2002  100  124
2003  111  170
2004  140  161
2005  120  189
2006  141  231
2007  142  197
2008  167  214
2009  130  218
2010  139  254
2011  158  254
2012  174  309

Total  1582  2395

Orthopaedic Surgeries

Note: Individuals may be counted more than once
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Table 2b. Age/Sex-Adjusted Hip Replacement Rates (2001 – 2012) by Province 

 
 Year Overall¥ Female£ Male£ Overall¥ Female£ Male£ Overall¥ Female£ Male£

2001  2.58   3.12  1.97  2.54  2.96  2.07  1.06  1.16  0.95
2002  2.90  3.57  2.17  2.77  3.25  2.23  1.68  1.85  1.49
2003  3.04  3.63  2.39  2.75  3.37  2.08  1.76  1.89  1.61
2004  2.93  3.46  2.33  2.61  3.00  2.19  2.50  2.57  2.42
2005  2.94  3.49  2.34  2.86  3.42  2.25  1.97  1.96  1.97
2006  2.54  3.05  1.98  2.86  3.39  2.27  2.21  2.48  1.92
2007  2.63  2.96  2.26  2.80  3.24  2.32  2.08  2.34  1.80
2008  2.89  3.29  2.44  2.80  3.31  2.23  2.69  2.98  2.38
2009  3.02  3.60  2.38  2.87  3.36  2.34  1.92  2.14  1.68
2010  3.10  3.50  2.66  2.98  3.48  2.42  2.12  2.14  2.09
2011  3.05  3.46  2.60  3.13  3.73  2.48  2.24  2.55  1.90
2012  3.19  3.64  2.70  2.98  3.41  2.51  1.79  1.84  1.74

£Age-standardized, 2011 Maritime population

Nova Scotia New Brunswick Prince Edward Island

≥45 years, per 1,000 population
¥Age and sex-standardized, 2011 Maritime population

Table 2a. Age/Sex-Adjusted CABG Rates (2001 – 2012) by Province

 
Year Overall¥ Female£ Male£ Overall¥ Female£ Male£

2001  2.92  1.28  4.72  1.77  0.71  2.84
2002  2.78  1.39  4.30  1.67  0.60  2.79
2003  2.89  1.32  4.63  1.75  0.60  2.93
2004  2.30  0.99  3.74  1.72  0.65  2.80
2005  2.13  0.79  3.61  1.74  0.70  2.76
2006  1.95  0.77  3.24  1.64  0.65  2.66
2007  1.87  0.81  3.05  1.61  0.69  2.54
2008  1.65  0.81  2.57  1.78  0.61  2.96
2009  1.53  0.61  2.56  1.70  0.71  2.71
2010  1.40  0.64  2.23  1.59  0.53  2.63
2011  1.41  0.53  2.39  1.44  0.56  2.32
2012  1.45  0.65  2.33  1.35  0.44  2.22

£Age-standardized, 2011 Maritime population

Nova Scotia New Brunswick

≥45 years, per 1,000 population
¥Age and sex-standardized, 2011 Maritime 
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Table 2c. Age/Sex-Adjusted Knee Replacement Rates (2001 – 2012) by Province 

 

Year Overall¥ Female£ Male£ Overall¥ Female£ Male£ Overall¥ Female£ Male£

2001    2.47  2.67  2.17  2.51  2.71  2.28  1.29  1.27  1.32
2002  3.03  3.29  2.68  2.84  3.05  2.62  2.20  2.32  2.08
2003  2.99  3.20  2.70  2.82  3.10  2.51  2.99  2.87  3.13
2004  3.11  3.37  2.78  2.81  3.02  2.57  2.70  3.06  2.31
2005  3.20  3.47  2.87  3.34  3.67  2.97  3.03  2.87  3.21
2006  2.79  3.17  2.32  3.04  3.35  2.69  3.60  4.08  3.08
2007  2.89  3.02  2.70  3.23  3.59  2.83  3.07  3.18  2.94
2008  3.53  3.81  3.16  3.18  3.50  2.83  3.20  3.92  2.41
2009  3.85  4.16  3.47  3.31  3.74  2.84  3.36  3.96  2.69
2010  4.04  4.32  3.68  3.34  3.76  2.89  3.66  3.25  4.10
2011  4.03  4.45  3.50  3.76  4.47  2.98  3.79  4.85  2.62
2012  4.05  4.59  3.39  3.80  4.40  3.14  4.43  5.03  3.76

Prince Edward Island

£Age-standardized, 2011 Maritime population

≥45 years, per 1,000 population
¥Age and sex-standardized, 2011 Maritime population

Nova Scotia New Brunswick

Figure 1a. Age/Sex-Adjusted CABG Rates (2001 – 2012) by Province 
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Figure 1c. Age/Sex-Adjusted Knee Replacement Rates (2001 – 2012) by Province 

Figure 1b. Age/Sex-Adjusted Hip Replacement Rates (2001 – 2012) by Province 
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3) There are within-province differences in the variation of surgical rates by 
region
 

Figures 2a – 2c (see on page 15 and 16) present the variation in rates across the NS DHAs calculated for 
three intervals (2001-2004; 2005-2008; and 2009-2012) over the study period. Over time, CABG showed the 
least amount of variation across regions, while knee replacement had the highest. One region, Cumberland 
DHA, had very low rates of both hip and knee replacement surgeries for the entire study period. Cumberland 
is unique in that it is the only DHA in NS which shares a land border with another province (NB).  

Figure 2a.CABG Rates for Nova Scotia over time Figure 2b.Hip Replacement Rates for Nova Scotia 
over time
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Adjusted rates by geographical region are similarly presented in Figures 2d – 2f (see figures on page 17) 
for NB. Variation was quite pronounced across the seven Health Zones. For CABG, there was indication of 
markedly lower rates for patients living in Edmundston (and to a lesser extent, Campbellton); this may be 
attributed to a similar scenario seen with the Cumberland NS DHA – that some northern NB patients opted 
for surgery in Quebec rather than in NB. 

Overall, rates of hip surgeries were less variable across the province relative to those for knee. Despite the 
presence of local hospitals that perform hip and knee surgeries in all NB DHAs, northern-most regions still 
had lower rates of these procedures, suggesting the possibility that, like CABG, some northern NB residents 
receive the joint replacement surgery in Quebec. Saint John and Fredericton were observed to have the 
highest rates of knee replacement surgery, while Edmundston and Bathurst had the lowest. Similarly, Saint 
John and Fredericton consistently had the highest rates of hip surgery, while Bathurst had the lowest rates 
behind Campbelton and Edmundston.  

Figure 2c.Knee Replacement Rates for Nova Scotia over time
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Figure 2d. CABG Rates for New Brunswick over time Figure 2e. Hip Replacement Rates for 
New Brunswick over time

Figure 2f. Knee Replacement Rates for  
New Brunswick over time
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Figures 2g – 2h depict the change in hip and knee replacement rates over time for PEI.  The Charlottetown 
region had moderately higher rates of hip surgeries relative to its neighbouring, more rural regions for 
most of the study period. An exception was observed with the rural Queens/Kings County region having 
the highest rates of these procedures from 2005 through 2008.

At the beginning of the study period, knee surgery rates were moderately higher in the rural Prince region. 
Highest knee surgery rates were then shared by the two rural regions for the four years that followed. By 
the end of the study period, the Charlottetown region overtook rural Prince and Queens/Kings County 
regions, having moderately higher knee surgery rates than either from 2009 through 2012.  Patients living 
in rural Queens and Kings Counties travel between 30 minutes and two hours from their home to this 
hospital; Prince County residents travel between 20 minutes and one hour. Some of the observed rate 
variation in joint replacement procedures may be due to differences in access to follow-up care or travel 
times to the only hospital on PEI that performs these procedures in Charlottetown.  

Figure 2g. Hip Replacement Rates for PEI over time 
(2001-2012)

Figure 2h. Knee Replacement Rates for PEI over time
(2001-2012)
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This report describes regional variation in the utilization of three surgical procedures and demonstrates the 
potential for highly relevant, coordinated interprovincial Maritime-driven health services research. As such, it 
meets the expectations established at the outset of the project. There are important limitations. First, we were 
unable to obtain yearly age- and sex-specific population estimates by PEI region. These were interpolated 
from 2001, 2006 and 2011 Statistics Canada data. Increased random variation from a smaller number of 
surgeries combined with less accurate population estimates may have reduced the precision of age- and 
sex-adjusted rates for PEI, relative to the other two provinces. Second, while analyses were grounded in 
small area rate variation methodology, no statistical tests or measures of variation were reported. There are 
numerous statistics of variation recommended in the literature, yet most do not intuitively convey area-based 
differences. Of the most intuitive that directly compare rates, the extremal quotient –rate from the region 
with highest utilization divided by the rate from that of the lowest– is relatively insensitive in discerning 
degree of variability. Furthermore, the visual comparison afforded by the geographical maps in Figure 4 
provide an accessible as well as impactful means of demonstrating intraprovincial variation in Maritime 
surgery utilization. Third, surgery utilization of patients residing in neighboring provinces was not considered. 
As such we were unable to include CABG utilization statistics for PEI. In addition, including regional utilization 
data from southern Quebec regions would have provided greater insight into the finding of lower surgery 
rates in bordering NB regions. Interprovincial health services utilization will be considered for future projects. 

LIMITATIONS
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Some of the types of factors known to affect health care provision include need for the service, supply (i.e., 
amount and allocation of resources, hospital locations50, number of physicians51-53) and provider decision-
making.54  Provider decision-making has been frequently cited as having the most influence on systematic 
variation of heath care service.55-57 Uncertainty in health care leads to differing opinions as to the best course of 
treatment even within set guidelines23,58 (though the implementation of practice guidelines continues to  provide 
updated, effective tools in reducing variation across regions22,59). 

Centralizing services and the resulting differences in distance to care, for example, has been shown to affect care 
provision.28,42,60 The Maritime provinces are a particularly interesting region to study this issue because: 
1) interprovincial transport is common, particularly from PEI to NB or NS.  PEI ambulances spend much time off 
the island in this activity, slowing emergency response times; 2) in contrast to other provinces, all residents have 
road access to a hospital; and 3) there are a relatively  small number of tertiary care service providers. 

It is essential to understand how patients are affected 
by the geographical organization of surgical care. 
Centralization of services can affect a quality/access 
tradeoff whereby increased specialization may result 
in improved outcomes while also increasing the 
distance to care for some. This study additionally found 
indications of Maritime patients seeking surgical care 
out of province, even when the procedure was offered 
in their province of residence. Research has indicated 
patients requiring surgeries prefer a hospital closer to 
home61-63 even if that choice leads to a longer wait.60 
The potential for Maritime residents to opt for surgical 
procedures in a facility closer to home, even if in 
another province, warrants further investigation of 
localized interprovincial transfer fiscal sustainability and 
the impact of such care models on patient outcomes.

NEXT STEPS
This descriptive study of three surgery types – CABG, 
hip replacement, and knee replacement – indicates that 
there were systematic differences in age/sex-adjusted 
rates over the 2001-2012 period within each of the 
Maritime provinces based on the geographic regions 
where individuals lived. 
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The Maritime SPOR SUPPORT Unit (MSSU) is one of several SUPPORT Units across Canada, bringing 
health research findings to life by helping to integrate them into patient care.

We engage with patients from across New Brunswick, Nova Scotia, and Prince Edward Island, and           
collaborate with the research community on governance, priority setting, and the planning and  
conducting of research. Through this meaningful and active collaboration, we contribute to an enhanced 
health system, engaged health research, and improved health outcomes. We are dedicated to  
supporting patient-oriented research and decision-making that will reflect the needs and values of  
Maritime patients.

The MSSU and other Support for People and Patient-Oriented Research and Trials (SUPPORT) Units 
across Canada are administered by SPOR, the Strategy for Patient-Oriented Research. SPOR, a Canadian 
Institutes of Health Research (CIHR) initiative, is focused on integrating health research more effectively 
into care.
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