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Abstract: 
 
The Canada Foundation for Innovation (CFI) and the Canadian Institutes of Health Research 
(CIHR) allied to analyze the impact of their investments in medical imaging research. The CFI 
funds capital and operating programs for research infrastructure, and CIHR's mandate 
concentrates its funding on research activity. It happens that CIHR-funded research consumes 
CFI-funded infrastructure as an input in the innovation process. Apart from a few partnered 
programs, by design there is no coordination between CFI and CIHR funding decisions. 
Together, these agencies invested $916 million over a 14-year-period. In this paper, we evaluate 
the economic and health benefits from advancements in one funded area, namely computed 
tomography perfusion (CTP). CTP is an imaging technique that uses computed tomography to 
measure blood flow in organs and tissues. It is mostly used to assess acute ischemic stroke. The 
net social benefits attributable to these investments are substantially positive: the benefit-to-cost 
ratio is estimated to be between 6.66-to-1 and 9.99-to-1. We review how public investments 
from multiple funders comingle in the innovation process to deliver social value and improved 
health outcomes. 
 
Keywords: cost-benefit analysis | innovation | technology | medical imaging research | CT 
perfusion | stroke | Canada 
 
Article: 
 
1. Introduction 
 
This paper presents an economic analysis of investments made by two independent but 
complementary Canadian funding agencies that entered into an alliance to jointly evaluate the 
impact of their research investments. The Canada Foundation for Innovation (CFI) and the 
Canadian Institutes of Health Research (CIHR) are significant federal investors in Canada's 
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university-based health research enterprise. Both are charged with individually funding scientific 
excellence, with the CFI's mandate focused on research infrastructure and CIHR's focused on 
research activity. It happens that CIHR-funded research consumes CFI-funded infrastructure as 
an input in the innovation process, though by design there is no coordination between CFI and 
CIHR funding decisions. What is more, CFI funds up to 40% of an individual infrastructure 
project, and its awarding of funding leverages financial support from provincial authorities, 
universities, or other partners. As such, it is often the case that a technology or research finding 
stems from facilities and research programs receiving support from a spectrum of funders. 
 

 
Figure 1. Growth in Canadian Scientific Publishing in Medical Imaging, 1990–2011. 
Source: Larivière and Lemelin (2012), CFI, and CIHR. 
 
In Canada, as elsewhere, there is an imperative to evaluate public investments in science and 
technology (S&T). One of the policy commitments contained in the Government of Canada's 
Science and Technology Strategy was to increase government's accountability to Canadians by 
improving its ability to measure and report on the impact of S&T expenditures (Industry 
Canada 2009). Health and related life sciences and technologies is one of four priority areas that 
the Government of Canada, through the National Science & Technology Strategy, has committed 
to strengthening over time (Industry Canada 2009).1  
 
As a subset of the health and life sciences focus, investments in medical imaging and related 
health research by CFI and CHIR align with this larger national strategy. CFI and CIHR play the 
important role of supporting university scientists conducting basic and applied research in the 

 
1 The other three are environmental science and technologies, natural resources and energy, and information and 
communication technologies. 
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field of medical imaging. Without this support there would not be concepts to commercialize and 
thus enhance competitiveness and improve the quality of clinical care for patients. 
 
Research conducted by Larivière and Lemelin (2012) provides a lens into the growth in scientific 
output pre- and post-CFI and CIHR creation in 1997 and 2000, respectively. The study revealed 
an inflection point in publishing, a first-order measure of scientific output, in the years following 
these agencies’ creation (see Figure 1). Additionally, these publications were found to have 
above-average impact factors. Given this research excellence, the question of interest for CFI 
and CIHR became: To what extent have these investments translated into socioeconomic benefits 
for all Canadians? 
 
This was the question that motivated CFI and CIHR to undertake an interagency collaboration in 
evaluation that explored in depth the net economic and health benefits that resulted from their 
investments. This paper reviews and presents the findings from one important piece of that 
evaluation: a case study of publicly-supported imaging R&D involving the comingling of 
complimentary public expenditures by these two agencies. The case study is that of computed 
tomography perfusion (CTP), an imaging study that uses computed tomography (CT) to measure 
blood flow in organs and tissues and is most commonly used in assessing moderate to severe 
acute ischemic stroke. 
 
The remainder of the paper is outlined as follows. In Section 2, we review CFI's, CIHR's, and 
partners’ investments in medical imaging technology. In Section 3, we explain CTP and its 
emergence as an imaging study, review CFI and CIHR support for its development, and discuss 
its advantages. The categories of social benefits attributable to CTP are discussed and quantified 
in Section 4. In Section 5, we present evaluation metrics associated with CFI's and CIHR's 
investments in CTP. The paper ends with brief concluding remarks in Section 6. 
 
2. CFI, CIHR, and partner investments in medical imaging 
 
CIHR is Canada's federal agency charged with funding health research, and it is the largest 
public-sector investor in Canada's health research enterprise. CIHR awards research grants based 
on their scientific merit through annual funding competitions. It does not fund research 
infrastructure (e.g. facilities, laboratories, instrumentation, equipment), but rather it funds labor, 
materials, and the like for research projects that make productive use of infrastructure. 
 
A substantial amount of federal funding for research infrastructure is channeled through the CFI, 
which awards through competitions infrastructure projects and operating support based on 
funding applications’ scientific merit. Funding from CFI is sometimes likened to a 40 cent dollar 
because the CFI provides up to 40% of the infrastructure cost, with an average of 40% coming 
from the provincial authorities and 20% from another partners (e.g. universities, foundations, 
private companies). Because of this project financing design, when analyzing CFI investments, 
one analyzes others’ contributions as well. 
 
This study makes no claim about the relative effectiveness of one funder's dollar over another's. 
The focus is on contribution, not on attribution. In other words, all parties – CFI, provinces, 
universities, and other partners – share attribution equally. 



 
The cost basis for this study was composed of infrastructure and operating funds awarded for 
medical imaging infrastructure under CFI projects plus CIHR grants from FY1998/1999 (CFI) 
and FY2000/2001 (CIHR) through the close of FY2011/2012. Neither CFI nor CIHR had an 
identifier solely for medical imaging-related projects. Therefore, to develop the cost basis, 
project lists were assembled by each organization using common search terms, and then the costs 
for projects appearing on the list were summed.2  
 
CFI project costs for all medical imaging-related projects totaled $491.81 million between 
FY1998/1999 and FY2011/2012, consisting of $195.25 million in CFI cash disbursements (40%) 
and $296.56 million in province and partner disbursements (60%) (e.g. university, foundation, 
corporate partner) (see Table 1). 
 
Table 1. CFI project and CIHR funding for medical imaging research, FY1998/1999–2011/2012 
($million) 
  CFI project CIHR 

Fiscal year (1) CFI share 
(2) Provincial and 

partner share 
(3) Total CFI 

project funding 
(4) CIHR research 

funding 
(5) Combined CFI 
and CIHR funding 

1998/1999 0.78 1.22 2.00  2.00 
1999/2000 6.31 6.10 12.41  12.41 
2000/2001 16.95 25.08 42.03 7.77 49.80 
2001/2002 27.33 40.13 67.46 15.02 82.48 
2002/2003 5.35 10.48 15.83 20.18 36.01 
2003/2004 16.56 20.73 37.29 26.12 63.41 
2004/2005 6.16 7.55 13.71 28.68 42.39 
2005/2006 10.26 16.74 27.00 33.45 60.45 
2006/2007 18.35 26.83 45.18 37.14 82.32 
2007/2008 28.51 41.78 70.29 41.15 111.44 
2008/2009 14.86 21.49 36.35 46.74 83.09 
2009/2010 16.38 23.13 39.51 48.25 87.76 
2010/2011 16.05 35.67 51.72 57.97 109.69 
2011/2012 11.40 19.63 31.03 61.31 92.34 
Total 195.25 296.56 491.81 423.78 915.59 
Source: CFI and CIHR. 
 
Total CIHR funding for medical imaging-related health research grants and awards across 
Canada amounted to $423.78 million between FY2000/2001 and FY2011/2012.3  

 
2 French and English keyword search terms that were relevant included those related to modalities (e.g. CT, positron 
emission tomography (PET), MRI) and/or advanced image processing, development of biomarkers, comparative 
image analysis, quantitative analyses of imaging data for screening and early disease detection, directing of image-
guided treatment, disease diagnosis and staging, and use of imaging to evaluate the effectiveness of treatment. 
Searches were performed using Perl compatible regular expression-compliant regular expressions with case and 
accent insensitivity. Fields searched included those for keywords, project abstract, and project title. Searches of 
CFI's databases were performed by CFI's Information Systems group, and the resulting project list was reviewed by 
the Evaluation and Outcome Assessment group. Searches of CIHR's databases were performed by the Corporate 
Measurement and Data Unit, and the resulting project list was reviewed by the CIHR Institute of Cancer Research. 
CFI and CIHR exchanged project lists for review. The Assistant Director of the Institute of Cancer Research 
performed the final quality review of a combined CFI and CIHR project list. 
3 Funding data prior to 2000 from CIHR's predecessor agency, the MRC, were not available. 



 
Table 2 combines the disbursements in Table 1 and converts each monetary datum to 2011 
dollars ($2011) using the Canadian Gross Domestic Product index as reported by Statistics 
Canada. In real terms, the combined CFI and CIHR funding of medical imaging-related 
infrastructure and research projects amounted to $1032.93 million. 
 
Table 2. Combined CFI project and CIHR funding (millions $2011) 
  Canada 
Fiscal year (1) Calendar year (2) CFI (3) CIHR (4) Total 
1998/1999 1998 2.75 – 2.75 
1999/2000 1999 16.76 – 16.76 
2000/2001 2000 54.48 10.07 64.55 
2001/2002 2001 86.50 19.26 105.76 
2002/2003 2002 20.07 25.59 45.66 
2003/2004 2003 45.77 32.06 77.83 
2004/2005 2004 16.31 34.11 50.42 
2005/2006 2005 31.10 38.53 69.63 
2006/2007 2006 50.69 41.68 92.37 
2007/2008 2007 76.43 44.75 121.18 
2008/2009 2008 37.96 48.82 86.78 
2009/2010 2009 42.06 51.36 93.42 
2010/2011 2010 53.50 59.95 113.45 
2011/2012 2011 31.02 61.31 92.33 
Total  565.40 467.49 1032.89 
Notes: Because fiscal years (April–March) and calendar years (January–December) do not align, to simplify 
calculations the main calendar year into which the fiscal year falls (from April to December) was chosen as the 
index for the entire fiscal year. For example, costs in FY1998/1999 were inflated to 2011 using the corresponding 
index value for 1998. In addition, to simplify presentation of costs (calculated by fiscal year) and benefits 
(calculated by calendar year), costs were assigned to each fiscal year's primary calendar year. All of FY1998/1999s 
costs were placed in 1998, for example. 
 
To analyze in-depth how multiple public funding streams combine to support imaging research 
and improve health outcomes, the case of CTP was selected, from among all imaging research 
projects receiving public support, as the most appropriate case study.4 See Sinclair (1998) for a 
review of other funded imaging research. 
 
3. CTP and the Role of CFI and CIHR in its emergence as an imaging study 
 
3.1. Use of CTP to assess stroke 
 
There are three broad categories of strokes: ischemic (related to blood clots), hemorrhagic 
(bleeding), and transient ischemic attack (TIA). In this evaluation study, the condition of interest 
is acute ischemic stroke, for which CTP is most commonly used.5 Put simply, a stroke occurs 
when blood flow in the brain is interrupted, usually from a clot, which causes brain cells to 

 
4 Case selection criteria included: receipt of CFI and CIHR funding, multiple awards, year(s) of award(s), 
commercialization status, and documented impact on health outcomes. See also O'Connor and Link (2013). 
5 CTP can also be used to measure blood flow in other conditions of the brain such as tumors or vascular 
malformations and in other organs such as the heart or the liver (Hoeffner et al. 2004). 



rapidly die off because of an inadequate supply of oxygen and nutrients. Depending on which 
part of the brain is affected and the severity of the stroke, the patient may recover, suffer 
paralysis or other impairments, or even die. 
 
After a physical exam, the first imaging study used to assess the effects of a stroke in an acute 
setting (e.g. hospital emergency room) is an unenhanced CT to rule out brain hemorrhage 
(Canadian Stroke Network 2011). CTP can be used immediately following the unenhanced CT to 
provide the treating physician with additional information about the area of dead brain cells 
(infarct), the surrounding area of brain cells at risk but potentially salvageable (penumbra), and 
quantitative measures of blood flow in the area. It can more conclusively assess a patient's 
condition, including whether the patient may be a candidate for thrombolysis (Hopyan et 
al. 2010). Thrombolysis is the use of pharmaceuticals (namely, tissue plasminogen activator, 
tPA) delivered intravenously to break up the blood clot that is the source of the stroke. tPA is 
commonly used in instances of acute ischemic stroke but prescribing it is not without risk 
because it acts by thinning the blood and therefore presets risk for hemorrhage. 
 
The most commonly used perfusion measures are (1) cerebral blood flow (CBF), (2) cerebral 
blood volume (CBV), and (3) mean transit time (MTT). CBF, CBV, and MTT are quantified 
using software embedded with algorithms that analyze images captured at regular intervals by 
the CT scanner. While undergoing the CT scan, the patient receives a contrast agent 
intravenously, and the raw radiographic data are transmitted from the scanner to the software, 
which then calculates measures. CTP adds between 5 and 10 minutes to the imaging time 
(Wintermark et al. 2002a; Miller et al. 2008). 
 
3.2. CFI and CIHR support for CTP development 
 
The first commercially available software for CTP was released in 2000 by GE Healthcare, one 
of the four major manufacturers of CT scanner systems. The algorithms and protocols in this 
software package for quantifying CBF, CBV, and MTT were developed by Dr Ting-Yim Lee. 
Lee has multiple affiliations and positions in London, Ontario: the Lawson Health Research 
Institute of the London Health Sciences Centre and St Joseph's Health Care, the Robarts 
Research Institute, and Western University. 
 
CTP algorithm and software development has been a career focus for Dr Lee. He spent 8 years as 
a hospital physicist before pursuing a career in research. As a consequence of that experience, Dr 
Lee told us during interviews that he had a distinct interest in tools that had direct clinical 
application. The underlying motivation for investigating CT's application in perfusion imaging 
was to convert imaging data from qualitative information into objective indicators using readily 
available scanners and that did not require specially trained personnel to interpret. Funding from 
CIHR and the CFI was fundamental to Lee's research program and provided the needed 
infrastructure and operating grants that supported the development of algorithms that GE 
Healthcare commercialized as ‘CT Perfusion’ in 2000 (Version 1), 2002 (Version 2), 2003 
(Version 3), and 2008 (Version 4). As of this writing, GE Healthcare holds an exclusive license 
to the algorithms and software implementation of the CTP method developed by Lee. 
 



Two CFI projects provided the necessary CT instrumentation. The first (CFI Project 317) was for 
magnetic resonance imaging (MRI), electroencephalography (EEG), and CT instrumentation 
valued at $8,720,301 (cash only, nominal terms), of which CFI contributed $2,864,000 and the 
province and university contributed $5,853,601. The project supported multiple imaging research 
initiatives; the CT component was distinct in the budget and accounted for $2,763,910. The 
funds allowed Dr Lee to upgrade CT scanning capabilities at St Joseph's Hospital and to increase 
access to the scanning facilities for software development and research. The second (CFI Project 
11358) was a large-scale capital facilities development and instrumentation investment program 
valued at $23,193,652. As before, the CT component was distinct in the budget and accounted 
for $3,095,280 to support the acquisition of a CT scanner with a 4-cm wide detector. After 
adjustment to real terms using real GDP (chained), the CT-specific CFI project cost for CTP 
research only amounts to $6,931,994 (2011$). 
 
Lee's research into CTP was seeded in 1995 with a small grant from the Medical Research 
Council (MRC), CIHR's predecessor agency, and began in earnest following the award of CFI 
projects and CIHR grants.6 MRC and CIHR operating support covered the core application area 
of acute stroke and development for emerging clinical applications for myocardial infarction 
(heart attack) and oncology (cancerous tumors). CIHR has funded CTP R&D continuously since 
2000 through six awards.7 Collectively, these operating grants represent $2,259,446 (2011 
dollars) in research support through the close of FY2011/2012.8 These grants funded algorithm 
development, testing, and evaluation, including validation using CT scanning infrastructure. 
 
Table 3. CFI and CIHR CTP project costs (millions $2011) 
Fiscal year (1) CFI (2) CIHR (3) Total 
2000/2001 2.50 0.77 3.27 
2001/2002 0.57 0.16 0.73 
2002/2003 0.50 0.15 0.65 
2003/2004 – 0.16 0.16 
2004/2005 – 0.11 0.11 
2005/2006 – 0.02 0.02 
2006/2007 – 0.17 0.17 
2007/2008 – 0.10 0.10 
2008/2009 3.37 0.15 3.52 
2009/2010 – 0.24 0.24 
2010/2011 – 0.10 0.10 
2011/2012 – 0.14 0.14 
Total 6.94 2.27 9.21 
 

 
6 In fact, Dr Lee submitted multiple applications to the MRC to have CTP research funded before finally being 
granted funding in 1995. 
7 CIHR 61010, Multi-slice CT and MR CBF Perfusion Mapping in Thrombolytic Treatment of Stroke; CIHR 64574, 
CT Cardiac Perfusion Imaging; CIHR 98017, Development of New PET/CT Techniques for Imaging Tumour 
Hypoxia; CIHR 146177, Perfusion and Lipid Imaging with a Liver Specific CT Contrast Agent to Detect 
Progression of Cirrhosis to Hepatocellular Carcinoma; CIHR 167357, Developing CT Functional and Molecular 
Imaging Techniques for the Diagnosis of Disease and Monitoring of Treatment Effects in Stroke, Cancer, and Heart 
Diseases; and CIHR 226667, Quantitative CT Myocardial Perfusion Imaging. 
8 Future commitments for these grants total $584,705 for a total funding amount of $1,945,933. 



Table 3 reports these CTP investments, by year. Total public investments for the development of 
the enabling algorithms and protocols for CTP software was $9.21 million of which 75% was for 
CFI-funded projects and 25% was for CIHR research. 
 
3.3. Emergence of CTP as an imaging study 
 
CTP progressed rapidly from discussion and validation in the literature in the late 1990s and the 
2000s to a tool that is now being used in hospitals around the world to assess the condition of 
patients, particularly those experiencing moderate to severe acute ischemic stroke. 
 
The concept of using imaging scans to study CBF was first proposed by Axel (1980), but the 
concept was impractical at the time given technical limitations of then-available imaging systems 
(Axel 1980). In subsequent decades, sophisticated CT scanning systems and the associated 
computing infrastructure needed to process images eliminated those limitations, and 
neuroradiologists began studying the appropriateness and diagnostic accuracy of CTP. Perfusion 
measurements can also be done by MR, which will provide greater detail than a CT as well as 
provide supplemental information about the patient's condition. However, MR systems are not as 
ubiquitous as CT systems and MR studies would take 20 to 40 minutes longer to conduct. In an 
acute stroke situation, the ubiquity, speed, and ease of scheduling of CT erode MR's advantages 
(Parsons 2008). 
 
Wintermark et al. (2002a) validated the accuracy of CTP in quantifying CBF, predicting the final 
infarct size, and evaluating the clinical prognosis for acute stroke patients in an emergency 
department setting. Their research was subsequently followed by other studies that compared 
CTP with MR and concluded that CT correlated closely with MR in quantification of perfusion 
(Wintermark et al. 2002b; Eastwood et al. 2003). The software used in these studies was CTP, 
which had received U.S. Food and Drug Administration approval in 2000. 
 
In the years following CTP's clinical validation, papers reviewing CTP's clinical advantages, role 
in supporting acute stroke care, and recommended protocols entered the scientific literature. In 
addition to 11 trials associated with stroke treatment, trials are underway for other conditions.9  
 
Hoeffner et al. (2004) published a review of CTP as a technique and noted its clinical potential 
not only for stroke but also for vasospasm and tumors. Shetty and Lev (2005) noted that CTP's 
speed, simplicity, and accuracy would have implications for stroke patients worldwide. Other 
clinicians offered reviews, recommendations, and assessments of its clinical utility (Srinivasan et 
al. 2006; de Lucas et al. 2008; Parsons 2008; Lui et al. 2010), including from the nursing 
perspective (Summers and Malloy 2011). In a study supported by CIHR, Hopyan et al. (2010) 
documented that a stroke protocol that includes CTP increases diagnostic performance.10  

 
9 These include Perfusion CT Imaging to Evaluation Treatment Response in Ovarian Cancer Patients Participating in 
GOG-0262 (sponsored by the US National Cancer Institute/American College of Radiology Imaging Network); 
Multi-institution Study of DCE CT Imaging Biomarkers of Tumor Microvasculature in Metastatic Renal Cell 
Carcinoma Treated with Sunitinib – Reproducibility and Response Prediction (sponsored by Ontario Institute of 
Cancer, High Impact Clinical Trial Program); and CIHR Medical Imaging Trial Network of Canada (MITNEC) 
project to measure perfusion in the heart of CAD patients and compare the measurement with clinical gold standards 
10 CTP software is currently available from GE Healthcare, Siemens, Philips, and Toshiba, all of which market CT 
scanning systems globally. 



 
3.4. Advantages of CTP in Canadian clinical settings 
 
It is estimated that there are more than 50,000 hospitalizations per year for stroke in Canada and 
approximately 300,000 people are living with the effects of a stroke. A report prepared for Public 
Health Agency of Canada (PHAC) quantified the national cost of stroke for 2000 alone to be 
$3.6 billion (PHAC 2009).11  
 
CTP offers several advantages in Canadian emergency department settings for acute stroke. 
Current indications for thrombolysis are that tPA should be administered within 4.5 hours of 
stroke onset and ideally within 3 hours (Canadian Stroke Network 2011). 
 
Interviews with leading neuroradiologists in Canada and the USA, as well as a review of the 
extant literature, emphasize the advantages of CTP: 
 

• quantification of CBF, CBV, and MTT to inform acute stroke care; 
• use of CT scanning technology that is readily and increasingly available in Canadian 

trauma settings (CIHI 2012); 
• lack of availability of MR scans in trauma settings, which would be the alternative to 

acquiring indicators in the absence of CT; 
• rapidity with which CTP scans can be conducted, particularly because of lengthy travel 

times from location of stroke onset to trauma unit; and 
• low cost and ease of use. 

 
3.5. Impact of CTP on health outcomes 
 
A cost-effectiveness analysis of using CTP for acute stroke diagnosis and patient selection for 
thrombolysis relative to unenhanced CT and MR was published in 2012 by Earnshaw et al. That 
study used a decision-analytic model in which clinical trial, costs, efficacy, and utility 
information were collected and analyzed from the published literature on stroke and CTP. The 
model concluded that inclusive of direct and indirect costs CTP saved costs and enhanced quality 
of life. Patients selected for thrombolysis were determined to have 0.12 additional quality-
adjusted life years (QALYs), on average, because of enhanced diagnosis and course of treatment 
decisions.12  
 
4. Estimating the social benefits attributable to CTP 
 
Estimation of the social benefits attributable to CTP requires accurate specification of the 
counterfactual introduction to the healthcare market of CTP algorithms in the absence of CFI's 
infrastructure and CIHR's research support.13 Mainly, how much longer would the development 
and commercialization of CTP algorithms have taken, and to what extent would the quality and 

 
11 That estimate is composed of direct healthcare costs and the indirect costs of lost productivity and premature 
mortality. 
12 The range of QALY in Earnshaw et al. (2012) is 0.12 to 0.13. The 0.12 QALY benefit estimate is used below as a 
measure of the social value of CTP to a person suffering from moderate to severe acute ischemic stroke. 
13 For a discussion of the counterfactual evaluation methodology, see Link and Scott (1998, 2011a, 2011b). 



utility of the state-of-the-art CTP technology be different, had the investments by CFI and CIHR 
not been made? 
 
To answer these questions, the perspectives and opinions of scientists and physicians 
knowledgeable about the development and use of CTP technology were elicited through in-depth 
interviews, conducted by telephone and a number of site visits, and augmented with e-mail 
exchanges. Over the course of the collection of benefit data, 66 individuals provided information 
that complemented literature reviews and other data collection methods. Thirteen experts 
provided information that specified the final counterfactual CTP.14  
 
The consensus among participating neuroradiologists and stroke neurologists was that the CTP 
research and the licensing of the algorithms and protocols to GE Healthcare accelerated the 
clinical use of CTP between 5 and 7 years.15 These experts also estimated that without the public 
funds from CFI and CIHR, not only would the introduction of CTP software have been delayed, 
but the software that would have emerged would likely have been inferior in the accuracy and 
precision of measurement of CBF, CBV, and MTT.16  
 
Following GE Healthcare's release of CTP, other manufacturers moved to emulate the work, 
with varying degrees of success. When challenged to support the claim of not only induced 
innovation (see O'Connor and Rowe 2008) but also of inferior quality in the absence of Lee's 
research, interviewees noted that first-released CTP was using principles, such as deconvolution, 
that others were not using. Yet, within a span of 3 years most competing software products had 
adopted those principles. Conversely, these same individuals noted that, by the late 2000s, most 
software products had matured and it became routine to see an advance first appearing in one 
package being emulated in another. It was noted that CTP can also be used for perfusion studies 
in the heart, the liver, and tumors, but other software products generally are not. Further, CTP is 
the benchmark software being used for clinical trials studying the efficacy of using CTP for 
stroke and cancer. 
 
Despite anecdotal evidence and scientific literature suggesting widespread usage, the prevalence 
of CTP is not well documented. The panel of neuroradiologists participating in this case study 
estimated prevalence in Canada at 40–60% in 2011, with a high of 70% and a low reported as 
unknown penetration for moderate to severe acute ischemic strokes. 
 
The estimation of specific benefits requires the following elements: 
 

 
14 Data collection was conducted under assurances of confidentiality for private-sector participants or assurances that 
names would not be associated with specific remarks for university researchers. This step was taken to enable 
interviewees to speak candidly about their research activities or the impact of those activities. Representative titles 
included Chief of Neuroradiology; CT Product Line Director; Medical Director, CT and MR Imaging; and Professor 
of Radiology. 
15 Other experts who were interviewed simply stated ‘many’ years or stated that there was an acceleration effect but 
they were uncertain how great that effect was. 
16 Interviewees noted that Lee has an uncommon background beyond his research career as both an imaging 
physicist and a mathematician. This background coupled with what was characterized as an intense interest in 
developing simple tools using readily available technology were offered in explanation of the novelty of Lee's 
accomplishments. 



• number of moderate to severe acute ischemic strokes per year, 
• probability of visiting an emergency department with CTP capabilities, 
• current prevalence and the rate of growth in CTP from its introduction in 2000, 
• QALYs associated with using CTP, 
• monetary value imputed for each QALY, 
• costs of conducting CTP studies, and 
• public investments in CTP research. 

 
Analyzing such measure will provide an estimate of the dollar-denominated net social value of 
CTP. 
 
4.1. Estimated annual number of moderate to severe accute ischemic strokes 
 
Neuroradiologists and stroke neurologists participating in this study indicated that CTP was 
generally only used for moderate to severe acute ischemic strokes. Patients with TIA, 
hemorrhagic, or mild ischemic stroke are either contraindicated or not expected to receive a CTP 
study. 
 
To estimate the relevant number of strokes, we analyzed data from a recent study that quantified 
the national number of strokes by stroke type. Unfortunately, that study's results did not 
distinguish stroke severity. Therefore, a study performed in the USA on stroke severity was used 
to assign stroke severity to the Canadian data. We then converted the subsequent results to the 
Canadian Neurological Scale (CNS) for stroke severity and calculated the number of moderate to 
severe acute ischemic strokes. The remainder of this section describes the relevant calculations. 
 
The number of acute ischemic strokes per year is approximated by the 5-year annual average 
calculated by Krueger et al. (2012). They analyzed administrative data from 2004 to 2009 from 
the Canadian Institute of Health Information (CIHI) Discharge Abstract Database to determine 
the number of hospital episodes with strokes. Rather than recalculate the number of strokes per 
year, Krueger et al.’s estimate is assumed to be a representative of all years.17  
 
Table 4. Estimated number of strokes in Canada for 2004–2009 
  Ischemic Hemorrhagic TIA Total 
2004–2009 137,557 28,746 43,669 209,972 
5-year average 27,511.4 5749.2 8733.8 41,994.4 
Source: Krueger et al. (2012). 
Note: Excludes strokes in persons under the age of 20. 
 
Table 4 shows the 5-year total and annual average breakdown of strokes by stroke type. Of the 
41,994 average number of strokes per year in Canada, 27,551 were ischemic strokes. This would 

 
17 Kruger et al. (2012) applied two exclusion criteria. First, hospital transfers were excluded to prevent one stroke 
episode from being counted more than once in the analysis. Second, the researchers excluded stroke episodes for 
those younger than 20 years old. Also, The CIHI database did not include data for Quebec. To estimate Quebec, the 
researchers used their CIHI data, broken down by age category, and then applied this to population figures for 
Quebec (Krueger et al. 2012). 



be a conservative estimate for 2000 through 2004, in particular, because an assessment prepared 
by PHAC (2009) reports that the incidence of all strokes was likely higher in this period.18  
 
To estimate the proportion of strokes that could be considered moderate to severe, we relied on 
Johnston et al. (2000) who measured the severity of strokes using the US NIH Stroke Scale 
(NIHSS) for Medicare Fee-For-Service patients. Because a similar distribution was not available 
for Canada, Canadian strokes were assumed to be distributed similarly. Table 5 maps the 
Canadian stroke estimates onto the NIHSS distribution. The NIHSS scale goes from 1 to 30, 
ranging from least severe to most severe. 
 
Table 5. Severity of acute ischemic stroke using the NIHSS stroke scale 
(1) NIHSS scalea (2) Percentage of strokes (3) Number of casesb 
1 2.82% 776 
2 2.26% 621 
3 6.67% 1835 
4 6.93% 1906 
5 7.44% 2047 
6 10.52% 2894 
7 5.64% 1553 
8 5.13% 1412 
9 2.82% 776 
10 8.98% 2470 
11 2.82% 776 
12 4.10% 1129 
13 2.82% 776 
14 2.82% 776 
15 3.85% 1059 
16 1.54% 423 
17 1.54% 423 
18 5.13% 1412 
19 2.31% 635 
20 2.31% 635 
21 2.05% 565 
22 1.54% 423 
23 2.82% 776 
24 2.31% 635 
25 0.77% 212 
26 0.77% 212 
27 0.77% 212 
28 0.00% – 
29 0.00% – 
30 0.51% 141 
a Johnston et al. (2000). 
b Krueger et al. (2012). 

 
18 The age-standardized rate of hospitalization for stroke per 100,000 population has declined since 1980. PHAC 
notes that the decrease may reflect few hospital admissions because of changes in patterns of care, better 
preventative care and health management, and healthier habits. However, an aging population and increased rates of 
diabetes and obesity may cause the rate to increase again (PHAC 2009). 



 
The CNS uses a different numbering system than the NIHSS. The CNS ranges from 0 to 11 with 
0 being most severe and 11 being least severe. Nilanont et al. (2010) created a simple conversion 
formula to calculate CNS scores when given NIHSS scores: 
 
CNS = (NIHSS − 21)/(−2). Using NIHSS scores to create CNS scores has been verified in other 
works. Muir et al. (1996) verified the high correlation between NIHSS and CNS scores. Mapping 
the distribution in Table 5 and renumbering negative values to become 0 results provide a 
distribution of strokes on a 12-point CNS scale (see Table 6). 
 
Table 6. Severity of acute ischemic stroke, CNS stroke scale 
(1) CNS scalea,b (2) Number of casesc 
11.0 776 
10.5 621 
10.0 1835 
9.5 1906 
9.0 2047 
8.5 2894 
8.0 1553 
7.5 1412 
7.0 776 
6.5 2470 
6.0 776 
5.5 1129 
5.0 776 
4.5 776 
4.0 1059 
3.5 423 
3.0 423 
2.5 1412 
2.0 635 
1.5 635 
1.0 565 
0.5 423 
0 2188 
a Johnston et al. (2000). 
b Nilanont et al. (2010). 
c Krueger et al. (2012). 
 
Siposnik (2010) created a binning of stroke severity with mild (CNS ≥ 8), moderate (CNS of 
5 < 8), and Severe (CNS of 0 < 5). Applying this distribution of CNS severity to Table 6, there 
were 8539 severe strokes and 7339 moderate strokes. Thus, we estimate that the annual average 
of moderate to severe acute ischemic strokes in Canada to be 15,878. 
 
4.2. Estimated prevalence of CTP 
 



The Canadian Stroke Network (2011) estimated that 70% of stroke hospitalizations occur at 
facilities with thrombolysis capabilities.19 This probability was used as the probability that a 
person would arrive at a hospital with CTP capabilities. Applying the exact percentage to the 
estimated number of acute strokes (15,878) yields 11,116 in-scope stroke hospitalizations. Thus, 
the maximum number of CTP hospitalizations for which CTP could be performed is 11,116. 
 
Interviewees estimated that the prevalence of CTP studies in Canada in 2011 was in the range of 
40% to 60% of moderate to severe acute ischemic strokes. It is estimated that in 2011 between 
4446 and 6670 CTP studies were performed in Canada. This range was estimated by applying 
the lower and upper bounds of the prevalence range to the relevant number of stokes per 
year20 (see Table 7). 
 
Table 7. Estimated prevalence of CTP for acute stroke diagnosis, 2000–2011 

Calendar 
year 

(1) Estimated cumulative 
penetration, as a 

proportion of ultimate 
2011 penetrationa 

(2) Lower-
bound estimated 

penetration 
(40%)b 

(3) Upper-bound 
estimated 

penetration 
(60%)c 

(4) Estimated 
annual 

moderate-severe 
acute ischemic 

strokesd 

(5) Estimated 
number of CTP 
studies, lower 

bounde 

(6) Estimated 
number of CTP 
studies, upper 

boundf 
2000 0.017 0.68% 1.02% 11,116 75.59 113.38 
2001 0.068 2.72% 4.08% 11,116 302.36 453.53 
2002 0.128 5.12% 7.68% 11,116 569.14 853.71 
2003 0.198 7.92% 11.88% 11,116 880.39 1320.58 
2004 0.276 11.04% 16.56% 11,116 1227.21 1840.81 
2005 0.369 14.76% 22.14% 11,116 1640.72 2461.08 
2006 0.461 18.44% 27.66% 11,116 2049.79 3074.69 
2007 0.552 22.08% 33.12% 11,116 2454.41 3681.62 
2008 0.649 25.96% 38.94% 11,116 2885.71 4328.57 
2009 0.738 29.52% 44.28% 11,116 3281.44 4922.16 
2010 0.877 35.08% 52.62% 11,116 3899.49 5849.24 
2011 1.000 40.00% 60.00% 11,116 4446.40 6669.60 

a These data are based on the diffusion of the licenses over time. These secondary data were supplied by Western 
University, but the primary data remain confidential to Western. 
b Column (2) is column (1) × 100 × 0.40. 
c Column (3) is column (1) × 100 × 0.60. 
d See the text for a discussion of these data. 
e Column (5) is column (2) × column (4). 
f Column (6) is column (3) × column (4). 
 
4.3. Estimated QALYs gained 
 
Earnshaw et al. (2012) estimated the health outcomes benefits to be 0.12 QALYs. In economic 
studies, human health benefits are quantified in terms of QALYs, or the additional quantity of 
life an intervention offers a patient, recognizing the fact that the person has suffered an adverse 
health event or has an illness. Assuming that this benefit has been constant over time, 
multiplying the estimated number of CTP studies by this benefit value yields a time series of the 
QALYs gained for stroke patients benefiting from CTP (see Table 8). 

 
19 70.01% to be exact. 
20 See the notes in Table 9. 



 
Table 8. Estimated gain in QALYs from CTP, 2000–2011 

Calendar 
year 

(1) Estimated number 
of CTP studies, lower 

bounda 

(2) Estimated number 
of CTP studies, upper 

bounda 

(3) QALYs gained per 
stroke case receiving 

CTP studyb 

(4) Estimated 
QALYs gained, 
lower boundc 

(5) Estimated 
QALYs gained, 
upper boundd 

2000 75.59 113.38 0.12 9.07 13.61 
2001 302.36 453.53 0.12 36.28 54.42 
2002 569.14 853.71 0.12 68.30 102.45 
2003 880.39 1320.58 0.12 105.65 158.47 
2004 1227.21 1840.81 0.12 147.26 220.90 
2005 1640.72 2461.08 0.12 196.89 295.33 
2006 2049.79 3074.69 0.12 245.97 368.96 
2007 2454.41 3681.62 0.12 294.53 441.79 
2008 2885.71 4328.57 0.12 346.29 519.43 
2009 3281.44 4922.16 0.12 393.77 590.66 
2010 3899.49 5849.24 0.12 467.94 701.91 
2011 4446.40 6669.60 0.12 533.57 800.35 
Total 23,712.65 35,568.98  2845.52 4268.28 

a Columns (1) and (2) are from Table 7. 
b See the text for a discussion of these data. 
c Column (4) is column (1) × column (3). 
d Column (5) is column (2) × column (3). 
 
Table 9. Valuation of one QALY, 2000–2011 
Calendar 
year 

(1) Average hourly 
wage ratea 

(2) Average number of 
hours worked per weekb 

(3) Number of 
weeks per year 

(4) Annual wage 
rate 

(5) Annual wage 
rate ($2011) 

2000 16.66 37.9 52 32,833.53 42,569.44 
2001 17.21 37.3 52 33,380.52 42,797.26 
2002 17.66 37.1 52 34,069.67 43,200.34 
2003 18.05 36.5 52 34,258.90 42,052.55 
2004 18.50 36.9 52 35,497.80 42,224.40 
2005 19.09 37.2 52 36,927.70 42,528.90 
2006 19.72 36.9 52 37,838.74 42,459.75 
2007 20.40 37.2 52 39,461.76 42,913.82 
2008 21.31 36.8 52 40,778.82 42,592.70 
2009 22.04 36.0 52 41,258.88 43,926.33 
2010 22.53 36.2 52 42,410.47 43,863.36 
2011 22.99 36.4 52 43,515.47 43,515.47 
a Statistics Canada (2012b). Labour force survey estimates (LFS), wages of employees by type of work, National 
Occupational Classification for Statistics (NOC-S), sex and age group, unadjusted for seasonality, annual (current 
dollars unless otherwise noted), (CANSIM Table 282–0069). 
b Statistics Canada (2012c). LFS, by total and average usual and actual hours worked, main or all jobs, type of work, 
sex and age group, annual (CANSIM Table 282–0028). 
c Column (4) is column (1) × column (2) × column (3). 
 
4.4. Value of QALYs gained 
 
As in Krueger et al. (2012), the value of 1 QALY is the average annual Canadian wage 
regardless of the patient's age or work status. Therefore, three data series from Statistics Canada 
were acquired to monetize the QALYs: 



 
• the average hourly wage for persons 15 or over (Statistics Canada 2012b), 
• the average number of working hours per week (Statistics Canada 2012c), and 
• the GDP index, which is used to adjust for the time value of money (Statistics 

Canada 2012a). 
 
As shown in Table 9, the average annual wage in 2011 was $43,515. The data for 2000 through 
2010 were adjusted backwards using the Canadian GDP index. Table 10 presents the value of 
QALYs gained for 2000 through 2011 in 2011 dollars ($2011). 
 
Table 10. Valuation of QALYs gained, 2000–2011 

Calendar 
year 

(1) Estimated number 
of QALYs gained, 

lower bounda 

(2) Estimated number 
of QALYs gained, 

upper bounda 

(3) Annual 
wage rate 
($2011)b 

(4) Value of QALYs 
gained, lower bound 

(million $2011)c 

(5) Value of QALYs 
gained, upper bound 

(million $2011)d 
2000 9.07 13.61 42,569.44 0.39 0.58 
2001 36.28 54.42 42,797.26 1.55 2.33 
2002 68.30 102.45 43,200.34 2.95 4.43 
2003 105.65 158.47 42,052.55 4.44 6.66 
2004 147.26 220.90 42,224.40 6.22 9.33 
2005 196.89 295.33 42,528.90 8.37 12.56 
2006 245.97 368.96 42,459.75 10.44 15.67 
2007 294.53 441.79 42,913.82 12.64 18.96 
2008 346.29 519.43 42,592.70 14.75 22.12 
2009 393.77 590.66 43,926.33 17.30 25.95 
2010 467.94 701.91 43,863.36 20.53 30.79 
2011 533.57 800.35 43,515.47 23.22 34.83 
Total 2845.52 4268.28  122.80 184.20 

a Columns (1) and (2) are from Table 8. 
b Column (3) is from Table 9. 
c Column (4) is column (1) × column (3). 
d Column (5) is column (2) × column (3). 
 
4.5. Estimated costs of CTP studies 
 
The average incremental cost of a CTP study in 2011 was estimated to be $88.06 (Earnshaw et 
al. 2012), of which 80% was the cost of the contrast agent. As previously noted, the time for 
conducting the imaging study was estimated to be between 5 and 10 minutes, and the time for 
processing and interpreting the results is estimated to take no more than 5 to 6 minutes. 
 
Even in real terms, it is unlikely that the costs for conducting a CTP study remained constant 
over time. Therefore, prior years’ costs for CTP were estimated by deflating costs using the 
healthcare services component of the Consumer Price Index (Statistics Canada 2012d) – see 
column (3) in Table 11. Table 11 presents the costs of applying CTP in a stroke setting. 
 
  



Table 11. Costs of performing CTP studies in an acute stroke setting, 2000–2011 

Calendar 
year 

(1) Estimated 
number of CTP 

studies, lower bounda 

(2) Estimated 
number of CTP 

studies, upper bounda 
(3) Estimated cost 
per study (2011$) 

(4) Estimated cost of 
CTP studies, lower 

bound (million $2011)b 

(5) Estimated cost of 
CTP studies, upper 

bound (million $2011)c 
2000 75.59 113.38 77.22 0.01 0.01 
2001 302.36 453.53 78.81 0.02 0.04 
2002 569.14 853.71 80.68 0.05 0.07 
2003 880.39 1320.58 80.68 0.07 0.11 
2004 1227.21 1840.81 81.06 0.10 0.15 
2005 1640.72 2461.08 82.07 0.13 0.20 
2006 2049.79 3074.69 82.97 0.17 0.26 
2007 2454.41 3681.62 83.17 0.20 0.31 
2008 2885.71 4328.57 82.54 0.24 0.36 
2009 3281.44 4922.16 87.19 0.29 0.43 
2010 3899.49 5849.24 88.51 0.35 0.52 
2011 4446.40 6669.60 88.06 0.39 0.59 
Total 23,712.65 35,568.98  2.02 3.02 

a Columns (1) and (2) are from Table 8. 
b Column (4) is column (1) × column (3). 
c Column (5) is column (2) × column (3). 
 
Table 12. Estimated benefits of CTP for acute stroke, 2000–2011 (millions $2011) 

Calendar 
year 

(1) Value of 
QALYs gained, 
lower bounda 

(2) Value of 
QALYs gained, 
upper bounda 

(3) Estimated cost 
of CTP studies, 
lower boundb 

(4) Estimated cost 
of CTP studies, 
upper boundb 

(5) Incremental 
economic benefit 
of CTP studies, 
lower boundc 

(6) Incremental 
economic benefit 
of CTP studies, 
upper boundd 

2000 0.39 0.58 0.01 0.01 0.38 0.57 
2001 1.55 2.33 0.02 0.04 1.53 2.29 
2002 2.95 4.43 0.05 0.07 2.90 4.36 
2003 4.44 6.66 0.07 0.11 4.37 6.56 
2004 6.22 9.33 0.10 0.15 6.12 9.18 
2005 8.37 12.56 0.13 0.20 8.24 12.36 
2006 10.44 15.67 0.17 0.26 10.27 15.41 
2007 12.64 18.96 0.20 0.31 12.44 18.65 
2008 14.75 22.12 0.24 0.36 14.51 21.77 
2009 17.30 25.95 0.29 0.43 17.01 25.52 
2010 20.53 30.79 0.35 0.52 20.18 30.27 
2011 23.22 34.83 0.39 0.59 22.83 34.24 
Total 122.80 184.20 2.02 3.02 120.78 181.17 

a Columns (1) and (2) are from Table 10. 
b Columns (3) and (4) are from Table 11. 
c Column (5) is column (1) – column (3). 
d Column (6) is column (2) – column (4). 
 
4.6. Estimated benefits of applying CTP in an acute stroke setting 
 
The net economic benefits for health plans and patients is therefore the monetized value of 
QALYs gained less the costs of conducting CTP (see Table 12). We estimate that the value of 
QALYs gained to be between $122.80 million and $184.20 million. Less costs of conducting 
CTP, net economic benefits over the period of 2000–2011, before assessing attribution to Lee 



and public support, would be between $120.78 million and $181.17 million. This range reflects 
the value to patients of additional quantity of life, after adjusting for the quality of that life. 
 
These net economic benefits would be attributable to CFI and CIHR if in the absence of their 
support Lee's research would not have been supported by any other organization and no other 
entity in Canada or elsewhere developed commercially viable CTP algorithms before 2012. 
However, such a scenario is unlikely given that research about CTP was published (Wintermark 
et al. 2002a) and given the highly competitive CT scanner market. Thus, to account for 
attribution, the evaluation analysis turns to the question of how and when would the benefits 
in Table 12 have accrued in the absence of CFI and CIHR support. 
 
4.7. Net economic benefits attributable to CFI, CIHR, and partners 
 
Under the counterfactual scenario without CFI and CIHR, the consensus among 
neuroradiologists who participated on expert panels for background information was that the 
acceleration effect attributable to CFI and CIHR funding would have been at least 5 years. That 
is, CFI and CIHR funding accelerated the commercial availability of CTP software by not less 
than 5 years. To quantify this attribution effect, actual benefits accrued less the corresponding 
value under a 5-year delay would represent the net economic benefits attributable to CFI and 
CIHR funding. 
 
We thus estimate in Table 13 that the economic benefits attributable are between $87.0 million 
and $130.49 million. Delaying benefits 5 years and taking the difference between the actual 
benefits and counterfactual benefits equate to the benefit attributable to public support. 
 
Table 13. Economic benefits of CTP attributable to CIHR, CFI, and partners, 2000–2011 
(millions $2011) 

Calendar 
year 

(1) Economic 
benefit of CTP 
studies, lower 

bounda 

(2) Economic 
benefit of CTP 
studies, upper 

bounda 

(3) Economic 
benefits under a 

5-year delay, 
lower bound 

(4) Economic 
benefits under a 

5-year delay, 
upper bound 

(5) Attributable 
economic 

benefits, lower 
boundb 

(6) Attributable 
economic 

benefits, upper 
boundc 

2000 0.38 0.57 – – 0.38 0.57 
2001 1.53 2.29 – – 1.53 2.29 
2002 2.90 4.36 – – 2.90 4.36 
2003 4.37 6.56 – – 4.37 6.56 
2004 6.12 9.18 – – 6.12 9.18 
2005 8.24 12.36 0.38 0.57 7.86 11.79 
2006 10.27 15.41 1.53 2.29 8.74 13.12 
2007 12.44 18.65 2.90 4.36 9.53 14.30 
2008 14.51 21.77 4.37 6.56 10.14 15.21 
2009 17.01 25.52 6.12 9.18 10.89 16.34 
2010 20.18 30.27 8.24 12.36 11.94 17.91 
2011 22.83 34.24 10.27 15.41 12.55 18.83 
Total 120.78 181.17 33.82 50.73 86.96 130.45 

a Columns (1) and (2) are from Table 12. 
b Column (5) is column (1) – column (3). 
c Column (6) is column (2) – column (4). 
 



The attributable economic benefit estimates in columns (5) and (6) of Table 13 are conservative 
estimates because experts reported that the quality of algorithms that would otherwise have been 
introduced would have been lower. This would mean that the slope of the CTP penetration curve 
(see column (1) of Table 7) would have been lower in the counterfactual scenario and thus the 
counterfactual benefits stream lower. However, our panel of experts was unable to measure such 
changes in quality, and the analysis, therefore, had to assume that the penetration curve under the 
counterfactual scenario was of the same slope as was estimated for 2000–2011. 
 
5. Evaluation metrics associated with CFI's and CIHR's investments in CTP 
 
Public investments of $9.21 million for Lee's CT research (see column (3) of Table 3) are 
subtracted from the benefits stream to yield net benefits in Table 14. Thus, the net economic 
benefits attributable to public support of CTP are estimated to be between $77.75 million and 
$121.24 million over the years 2000 through 2011. 
 
Table 14. Net economic benefits attributable to CIHR, CFI, and partners, 2000–2011 (millions 
$2011) 

Calendar 
year 

(1) Attributable 
economic benefits, 

lower bounda 

(2) Attributable 
economic benefits, 

upper bounda 
(3) CT public costs 

developmentb 

(4) Net attributable 
economic benefits, 

lower boundc 

(5) Net attributable 
economic benefits, 

upper boundd 
2000 0.38 0.57 3.27 −2.89 −2.70 
2001 1.53 2.29 0.73 0.80 1.56 
2002 2.90 4.36 0.65 2.25 3.71 
2003 4.37 6.56 0.16 4.21 6.40 
2004 6.12 9.18 0.11 6.01 9.07 
2005 7.86 11.79 0.02 7.84 11.77 
2006 8.74 13.12 0.17 8.57 12.95 
2007 9.53 14.30 0.10 9.43 14.20 
2008 10.14 15.21 3.52 6.62 11.69 
2009 10.89 16.34 0.24 10.65 16.10 
2010 11.94 17.91 0.10 11.84 17.81 
2011 12.55 18.83 0.14 12.41 18.69 
Total 86.96 130.45 9.21 77.75 121.24 

a Columns (1) and (2) from Table 13. 
b Column (3) from Table 3. 
c Column (4) is column (1) – column (3). 
d Column (5) is column (2) – column (3). 
 
We calculated two measures of economic returns to the CT-related costs: net present value 
(NPV) and a benefit-to-cost ratio (BCR). Table 15 presents the PV of costs when a narrow cost 
basis of only CT-related project costs is included in the cost basis. Cash flows are discounted 
using the real social discount rate recommended by the Treasury Board Secretariat (TBS) of 
Canada based on Canada's economic opportunity cost of capital (TBS 2007), which is 8% per 
annum (Jenkins and Kuo 2007). The PV of costs is $7.02 million. 
 
  



Table 15. Present value of CFI, CIHR, and partner costs, 2000–2011 (millions $2011) 

Calendar year (1) Period number (2) CT costsa 
(3) Present value of costs 

(base year = 2000) 
2000 0 3.27 3.27 
2001 1 0.73 0.68 
2002 2 0.65 0.56 
2003 3 0.16 0.13 
2004 4 0.11 0.08 
2005 5 0.02 0.01 
2006 6 0.17 0.11 
2007 7 0.1 0.06 
2008 8 3.52 1.90 
2009 9 0.24 0.12 
2010 10 0.1 0.05 
2011 11 0.14 0.06 
Total  9.21 7.02 
a Column (2) is from Table 14. 
 
The NPV is the present value (base year = 2000) of benefits less the PV of costs. Because costs 
are assumed to be incurred at the beginning of a period and benefits at the end, benefits are 
discounted one additional period than costs. Table 16 presents the PV of net attributable benefits. 
Subtracting the PV of costs from the PV of benefits yields an NPV between $39.75 million21 and 
$63.14 million22 (see Table 17). 
 
Table 16. Present value of economic benefits attributable to CFI, CIHR, and partners, 2000–
2011 (millions $2011) 

Calendar 
year 

(1) Period 
number 

(2) Attributable 
economic benefits, 

lower bounda 

(3) Attributable 
economic benefits, 

upper bounda 

(4) Present value of 
attributable economic 
benefits lower bound 

(base year = 2000) 

(5) Present value of 
attributable economic 
benefits, lower bound 

(base year = 2000) 
2000 1 0.38 0.57 0.35 0.53 
2001 2 1.53 2.29 1.31 1.97 
2002 3 2.90 4.36 2.31 3.46 
2003 4 4.37 6.56 3.21 4.82 
2004 5 6.12 9.18 4.16 6.25 
2005 6 7.86 11.79 4.95 7.43 
2006 7 8.74 13.12 5.10 7.65 
2007 8 9.53 14.30 5.15 7.72 
2008 9 10.14 15.21 5.07 7.61 
2009 10 10.89 16.34 5.05 7.57 
2010 11 11.94 17.91 5.12 7.68 
2011 12 12.55 18.83 4.98 7.48 
Total  86.96 130.45 46.77 70.16 
a Columns (2) and (3) are from Table 14. 
 
 

 
21 (46.77–7.02). 
22 (70.16–7.02). 



Table 17. Evaluation metrics (CT costs only) 
Metric Estimate 
NPV of net benefits (base year = 2000) $39.75 million to $63.14 million 
Benefit-to-cost ratio 6.66-to-1 to 9.99-to-1 
 
The BCR is the ratio of the PV of benefits to the PV of costs, using the same 8% social discount 
rate. Thus, under a narrow cost definition, the BCR of CTP is between 6.66-to-123 and 9.99-to-
1.24  
 
6. Concluding remarks 
 
The high BCRs estimated in this case study reflect the inherent value of sophisticated, yet simple 
to use, diagnostic tools that can inform clinical care. The estimates provided in this case study 
reflect the benefits to Canadians of CTP for stroke alone; however, Dr Lee and others are 
developing protocols and testing, with CIHR support, CTP for the heart, the liver, and tumor 
imaging. CTP is used around the world, but we limited our lens to Canada in order to compare 
costs and benefits of publicly-funded R&D. 
 
The case of CT perfusion is an excellent example of the profound effect public support and 
acceleration of R&D in the public interest can have on health outcomes. The right tools were 
placed in the hands of researchers who knew what to do with them, and the support was there 
over the long term for researchers to put those tools to good use. This study documented the 
connection between research infrastructure support and research program support in the 
innovation process, and how different funders supporting different facets of the innovation 
process each have an enabling role to play. The ultimate beneficiaries are stroke sufferers whose 
doctors are better equipped to rapidly diagnose their condition and more confidently recommend 
a course of treatment. 
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