
University of Calgary

PRISM Repository https://prism.ucalgary.ca

The Vault Open Theses and Dissertations

2018-10-23

The Economics of Big Data in

Healthcare: A Case Study of the ICD-9

to ICD-10 Transition

Khair, Shahreen

Khair, S. (2018). The Economics of Big Data in Healthcare: A Case Study of the ICD-9 to

ICD-10 Transition (Master's thesis, University of Calgary, Calgary, Canada). Retrieved from

https://prism.ucalgary.ca. doi:10.11575/PRISM/33222

http://hdl.handle.net/1880/108911

Downloaded from PRISM Repository, University of Calgary



UNIVERSITY OF CALGARY 

 

The Economics of Big Data in Healthcare: A Case Study of the ICD-9 to ICD-10 Transition 

 

 

by 

 

 

Shahreen Khair 

 

 

A THESIS 

SUBMITTED TO THE FACULTY OF GRADUATE STUDIES 

IN PARTIAL FULFILMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF MASTER OF ARTS 

 

GRADUATE PROGRAM IN ECONOMICS 

 

 

CALGARY, ALBERTA 

 

 

OCTOBER, 2018 

 

 

 

© Shahreen Khair 2018



ii 
 

Abstract 

This thesis attempts to provide a methodological and qualitative analysis of the trend in data usage 
in the healthcare industry and highlight the importance of economic evaluation in big data for 
healthcare. The paper explores the need for economic evaluation of the current data usage scenario 
in Canada via a case study of the ICD-9 to ICD-10 transition and illustrates the gaps in data 
availability. Detailed formulae for calculating the costs and benefits of the transition is provided, 
while a comprehensive guideline illustrates how the cost calculations would differ between the 
different provinces of Alberta, Manitoba, Saskatchewan and British Columbia. The paper also 
presents an overview of the upcoming ICD-11 transition and provides a framework for conducting 
an economic evaluation on the ICD-10 to ICD-11 transition. In conclusion, the thesis finds that 
although considerable progress has been made, significant improvements in data utilization is 
required to reap the full benefits of health data available and enable efficient economic evaluation.  
 
Keywords: Big Data, Health, Economic Evaluation, ICD-9, ICD-10, Digitization, Costs, Benefits, 
Research, Data Quality, Cost-Benefit Analysis. 
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1 Introduction 

    The Canadian healthcare system has recently seen a spurt of growth in digitization. Over 
the last decade, the advent of data usage in various sectors including healthcare, has been 
increasing at a fast pace. This has largely been caused due to a large amount of data being recorded 
by pharmaceutical companies and hospitals. With digitization of medical records, the data 
repositories are becoming more and more valuable for researchers, medical practitioners as well 
as the government. Digital records of healthcare aid in better disease management, payment and 
funding of healthcare facilities, allocation of resources and in research and innovation. The 
synthesizing and documentation of data on a large scale is being referred to as big data. Big data 
has been an emerging concept in a broad spectrum of activities and industries worldwide. 

Canadian healthcare spending amounts to 11.5% of overall GDP. In 2018, the healthcare 
expenditure budget is expected to amount to $242 billion or $6604 per person. (Canadian Institute 
for Health Information, 2018). As economic activities become vaster and faster paced, it is 
important that budgetary decisions are taken and implemented accurately. Data driven health 
records are the best way to ensure the effective and economic utilization of limited resources.  

This thesis provides an extensive review of how big data is changing the way research and 
clinical practices are being conducted, as well as highlighting the need for economic evaluation in 
big data for the healthcare industry. It will use the International Classification of Diseases and 
Health Problems (ICD)-9 to ICD-10 transition, as a case study to illustrate the direction of current 
data usage and the way forward, including addressing the gaps in data availability and providing 
recommendations. ICD is a system of codes for health data and related diseases and serves a 
myriad of professionals including healthcare practitioners, researchers, hospital personnel and the 
government. Coded data helps in planning budgets, allocating resources efficiently, formulating 
policies, in research work and as an indication and prevention of upcoming diseases. The paper 
provides detailed formulae for calculating the costs and benefits of the ICD-9 to ICD-10 transition. 
The formulae would incorporate coded data from mortality and morbidity statistics from hospitals. 
A comprehensive guideline showing how the cost calculations would differ among different 
provinces for a Canada wide cost-benefit analysis is provided, which has been compiled based on 
focus group interviews with the coding managers in the provinces of Alberta, Manitoba, 
Saskatchewan and British Columbia. The case study focuses on the challenges faced in conducting 
an economic evaluation on big data, specifically due to the lack of data availability for the specific 
timeline of the ICD transition, as well as due to the difficulty in retrieving the required data related 
to cost and benefit calculations. 

As Canada moves towards implementing the ICD-11 coding practice this year, the ICD-9 
to ICD-10 transition case study is the best example to illustrate the big data utilization state in 
Canada, as it provides a foundation for economic evaluation of the ICD-10 to ICD-11 transition. 
An evaluation of the economic impacts of the ICD-9 to ICD-10 transition hence provides an in-
depth analysis for understanding whether the benefits of implementing the new coding system 
would exceed the costs or not. 
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The cost estimation could not be completed as data for the years 2000 to 2003 is not 
available for certain variables in the formulae. Hence, for the costs, the estimations by Calgary 
Health Region (CHR) Business Case (2001) is provided in Appendix D. An extensive benefit 
estimation methodology (see Appendix E) has been created using benefit scenarios, based on the 
RAND report by Libicki & Brahmakulam (2004). These scenarios depict the potential benefit of 
using the ICD-10 coding system for healthcare and hospital services, instead of ICD-9 coding 
system. However, after numerous interviews with coding specialists, researchers, physicians and 
clinicians, it was found that information and data sources for the required variables in the benefit 
estimation formulae is not available. Moreover, it is difficult to apply the benefit scenarios in the 
Canadian context. This is because, ICD coding is not used by physicians to deliver healthcare or 
for hospital management. For funding and billing purposes, Canada still uses ICD-9 codes. Hence, 
it is difficult to construct outcome measures without the required structured data. This shows the 
lack of usable data availability in healthcare research.  In addition, the report by Calgary Health 
Region also did not outline measures to calculate the benefits and described the benefits from 
implementing ICD-10. Hence, in order to calculate the benefits, a crude estimation for a data 
quality and quantity measure, which depicts that a higher number of published papers used ICD-
10 codes for research, compared to ICD-9 codes, has been constructed. Thus, the data quality and 
quantity measure made the argument that ICD-10 has better data for research use due to the higher 
number of codes, specificity, ease of usage and understanding of the ICD-10 coding system, 
compared to the ICD-9 coding system. However, this simple method of enumerating data quality 
has various pitfalls and cannot be taken as a standalone depiction for data quality. This is because, 
the increase in the number of publications could have been due to an increase in research funding 
and/or a rising interest in the economic evaluation of the healthcare sector in recent years.  

The results of the case study show that data is currently only utilized for a limited amount 
of research by academicians and is not applied by clinical practitioners in the provision of 
healthcare. With advancements in machine learning and the huge availability of health data, it is 
vital that the healthcare industry exploits the advantages big data brings to the table. Moreover, 
the case study also provided insights on how the cost and benefit calculations would change in the 
coming years due to payment reforms and changes to funding allocation in hospitals. 
Recommendations were made on how the actors in the healthcare industry, manufacturers, 
pharmaceutical companies, physicians and other end users of healthcare could keep up the 
momentum of data analytics in healthcare delivery.  

The paper has been divided into six chapters. Chapter 1 provides an overview of the thesis 
and introduces the arguments made in the paper. Chapter 2 talks about the movement and value of 
big data in healthcare. Chapter 3 explains the importance for economic evaluation in big data in 
healthcare. Chapter 4 introduces the case study on ICD-9 to ICD-10 transition and provides the 
cost and benefit calculation formulae. This chapter validates the RAND and CHR cost and benefit 
framework and highlights the challenges in employing the cost and benefit estimations in the 
Canadian context. The chapter analyses the case study on ICD-9 to ICD-10 transition to illustrate 
the current gaps in data usage and economic evaluation and explains the policy implications of big 
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data in healthcare services. Chapter 5 provides recommendations the health sector can pursue in 
the future to ensure the momentum of big data in health and Chapter 6 concludes the paper.  
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2 The Movement of Big Data in Healthcare 

As medical records, pharmaceutical research and healthcare analytics are being aggregated 
into electronic platforms, Canada is experiencing a paradigm shift in digitization in the healthcare 
industry. In the last decade, data collection and synthesis of information has increased 
dramatically. Consequently, our use of technology has risen as well. The amalgamation of these 
two increases has led to the formation of big data and has resulted in industries and businesses 
gaining allocative and resource efficiency.  

Big data is now being utilized to predict upcoming epidemics, infections and diseases and 
as a signal to act before diseases strike by taking preventative actions. Dutton (2014) reports that 
after analysing wind and dust conditions between the years 1986 and 2006 by the International 
research Institute for Climate and Society (ICS), it was found that the severity of meningitis 
outbreaks in Niger, a country in Western Africa, was linked to stronger winds and heavy dust. This 
allowed the health authorities to administer the vaccines at the correct time in order to ensure that 
the medicine was most effective to counter the meningitis outbreak which was expected to occur 
one to two months later. Climate change data analysis helped in predicting outbreaks of 
leishmaniasis, a parasite killer which affected 12 million people in 90 countries by causing skin 
ulcers and attacking the spleen and liver. ICS also predicted malaria outbreaks by monitoring 
rainfall and irrigation, which are favourable conditions for mosquitos to breed. If the weather is 
between 19C to 32C, malaria develops inside mosquitos; if the weather is cooler, malaria takes 
longer to develop. Hence, health authorities are able to prepare for the outbreak up to two months 
before with accurate rainfall forecast. (Dutton, 2014).  

Moreover, the treatments are changing rapidly due to improvements in technology, which in 
turn is being driven by advancements in data. The increase in the usage of devices such as Fitbit, 
Samsung Gear Fit, Jawbone, etc. have resulted in patients to be able to detect diseases, plan their 
diet, monitor critical health indicators and thus live a healthier lifestyle. Apple and IBM have come 
together to establish a health data platform which will enable Apple and iPhone users to share data 
to Watson Health, a cloud healthcare service by IBM.  

Adams (2018) also reports the use of data and wearable technology in combating cancer by 
storing data responses on the patient’s quality of life, sleep patterns and general mobility, to 
educate the physicians and other health professionals on how best to provide therapy for a certain 
cancer patient.  

 

2.1 Big Data in Health 

Healthcare analysis using big data is expected to increase in the next few years as 
advancements are made in the usage of data to power research, enhance patient outcomes, 
influence the growth in predictive analysis and enable patient and hospital payments (including 
performance-based pay). These are few of the recurring themes in the discussion for improving 
the health sector. Usage of big data in the health industry would enable enhanced patient 
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empowerment via availability of information, efficient utilization of resource and funding 
allocation to hospitals by identifying at-risk patients and population health hazards ahead of time. 
Taking preventative steps and adopting holistic measures to follow up with patients will result in 
better patient outcomes in terms of healthcare. (Weir, 2017).  

The most profitable retailer in Japan, Seven-Eleven Japan, changed the course of its business 
decision-making and marketing by turning to data-driven information from its 200,000 part-time 
sales clerks in the 1970s. This was done by sending information to the sales clerks regarding which 
items were being sold in every store, which enabled the clerks to order inventory based on available 
aggregate information. (Ross, Beath & Quaadgas, 2013).  

Tibben and Wamba (2018) explore the potential of big data in healthcare by using the care 
delivery value chain (CDVC) framework. This framework re-organizes healthcare delivery to 
increase and improve the patient outcomes and reduce costs. They find that there is a need for 
management and policy development in big data in health in order to increase patient healthcare 
outcomes as well as to achieve efficiency in health services delivery. (Tibben & Wamba, 2018).  

The National Institutes of Health in the United States has launched Big Data to Knowledge 
Initiative (BD2K) to increase access to data for the biomedical research community. Academic 
institutions, healthcare systems, life sciences companies and advocacy organizations have also 
been brought together by collaborations between Optum Labs and National Patient-Centered 
Research Network (PCORnet). (Shah & Pathak, 2014).  

In 2011, around $2 million USD was provided to hospitals and doctors to establish digital 
records and EMRs. Philips, with the help of its HealthSuite Digital Platform, which collects patient 
health and lifestyle information and allows healthcare providers to analyse data, has generated over 
one-third of its sales from healthcare. Insurance companies such as Humana and UnitedHealth also 
use data analytics on claims data to target patients with high risk of health problems and provide 
them with information about nutrition, exercise, etc. (Gerdeman, 2015). 

In Canada, Alberta has been at the forefront of establishing a data movement in its province’s 
hospitals and clinics. The Alberta Electronic Health Record (Alberta EHR), a provincial program 
established in 1997, is a comprehensive and integrated health information bank which allows 
Health information access to authorized personnel. All of the data sharing is done in a secured 
environment. Alberta Health and Alberta Health Services (AHS) are responsible for the e-health 
systems. It is different from the usual electronic health record information system which only 
provides access to a limited number of healthcare clinics and hospitals. The Alberta Netcare Portal 
(ANP) and in some instances the System to System (S2S) grants access to the Alberta EHR data. 
(Robillard & Tolfree, 2015). 

In spring 1999, Alberta Wellnet, the predecessor of Alberta Netcare, employed the Seniors 
Drug Program (SDP) in two hospitals of Edmonton. The SDP system provided a way for viewing 
medical information of seniors by pharmacists, hospital staff and physicians. The medical staff 
could thus have access to accurate information about the patients in their care. (Robillard & 
Tolfree, 2015). 
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   In 2004, the Capital Health netCARE platform was formed which evolved to the Alberta 
Netcare Portal 2006 (ANP 2006). In January 2008, Capital Health netCARE and ANP 2006 joined 
to form ANP. The Alberta EHR connects more than fifty e-health systems. It is comprised of the 
following four components, which support the network in various ways: 

1. Access Tools: these do not have any data by themselves but allow users to view health data 
from repositories and registries in the Alberta EHR. 

2. Registries: store and provide data regarding places, events, identities and tools for 
identification purposes. 

3. Repositories: store and maintain data on diagnostics, treatment and care information 
4. Infrastructure: enables repositories, registries and access tools to transmit health data to 

users.  
Plans to provide patients with drug information and allow the patients to enter personal 

health information (such as data from blood glucose monitors, blood pressure and track theraputic 
activities such as cardio exercises) are in the pipeline as Alberta Health incorporates interactive 
features in the Personal Health Portal (PHP). PHP is a web-based site which will allow Albertans 
to access their own personal health information in Alberta EHR as well as record their health 
information.   

In addition, the report by Robillard and Tolfree (2015) outlines the following plans to 
integrate the health system with data in the future:  

I. ePrescribing will replace the faxed and paper prescriptions in the Pharmaceutical 
Information Network (PIN). Plans to integrate laboratory information by standardizing 
the terminology used for lab test panels, including results and orders, will increase the 
accuracy and ease of usage of the laboratory information in Alberta EHR.  

II. Cross Enterprise Document Sharing (XDS) is a digital file sharing network which 
would provide an interoperable and vendor-neutral platform for sharing information 
across provinces.  

III. The eReferral Project will enable patient referral and transition across different Alberta 
health systems. This would result in an efficient method of reffering critically ill 
patients to designated and required care and physicians, reducing the wait times.  

IV. The pHIE (Provincial Health Information Exchange) is a routing system used internally 
by AHS and externally to physician office systems, to exchange health information. 
This system would help to deliver messages accurately between different systems. 
Other networked health information systems include Identity and Access Management 
System (IAM), Diagnostic Imaging (DI)/Provincial Picture Archiving and 
Communication System (Provincial PACS) and Electronic Referral Systems. 
(Robillard & Tolfree, 2015).  

The Alberta Peer-to-Peer Electronic Medical Records (EMR) Network Program was 
launched in October 2015 by Canada Health Infoway in partnership with Alberta Medical 
Association. This program supported workshops and development and growth of Peer Leaders in 
order to optimize the usability of EMR in Alberta. The program enabled sharing of EMR process 
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information among peer leaders (physicians and team members). (Alberta Peer-to-Peer EMR 
Network Program, 2016).  

However, use of data and technology has its disadvantages. The collection of information 
contributes to concerns regarding privacy of patient information as well as the risk of cyber-attacks 
since the newer technology uses the int ernet for most clinical data and for mobile wearable 
devices. Diabetic patients have been warned by the Johnson and Johnson Company about possible 
changes in insulin doses due to cyber-attacks by hackers. Moreover, confidentiality of patient 
information and data piracy are critical concerns. (Adams, 2018). 

Some pharmaceutical companies may try to misuse this information by targeting customers 
to increase sales. The Office of the Information and Privacy Commissioner of Alberta (OIPC) has 
determined a method to ensure privacy and protection of health information collected by the 
Pharmacy Practice Management Systems (PPMS). This includes collaboration between the 
Pharmacies, the PPMS vendor and Alberta Health. The result of the collaboration is the “PIA 
Template for Real Time Integration of PPMS with the PIN” document, which will ensure real time 
integration of PPMS and privacy, overseen by OIPC. The Health Information Act (HIA) governs 
the structure and development of Alberta EHR and protects the collection and disclosure of health 
information from healthcare providers. (Robillard & Tolfree, 2015). 

The Ministry of Health along with EHR Data Stewardship Committee (EHRDSC), Health 
Information Executive Committee (HIEC), EHR Sponsors Committee, Personal Health Portal 
Steering Committee (PHPSC), Provincial Health Analytics Network Sponsor Committee 
(PHANSC), IM/IT Strategy Committee and Health Information Standards Committee for Alberta 
(HISCA) oversee the privacy and security of Alberta EHR. De-identifying patient information and 
authentication of accessing sensitive data provide enhanced privacy and security of data in Alberta 
EHR. Masked information only reveals the first and last name, date of birth, gender and personal 
health number in the patient’s file. (Robillard & Tolfree, 2015).  

 

2.2 Value of Big Data  

As defined by Armah (2013), big data has four main attributes. These are volume, variety, 
velocity and value. Big data encompasses volumes of data which are usually too large for typical 
databases to capture, process and analyse. Analysing and storage of such an enormous amount of 
data requires specialized and planned software. In addition, the designing and planning of such 
specialized software requires time and effort and is also very expensive most times. The data 
sources are varied and only about 10% of the data is in structured format which can easily be 
analysed. Structured data is data which is collected by companies, time series data collected by 
statistical agencies for the specific purposes of statistical and economic analysis. Unstructured data 
includes emails, road traffic information and audiovisual data. These unstructured data cannot be 
processed as is and requires to be brought into a structure.  

Data gathered from social media, internet and networked transactions are continuously 
being updated. This results in a high velocity and volume of data which can only be handled by 
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specialized software. The fourth attribute of big data is the way in which insightful information 
can be gleaned from the data, which will be valuable to corporations and for research. (Armah, 
2013). 

Groves, Kayyali, Knott & Kuiken (2013) note that the demand for big data has been 
escalating in the recent years. Due to rising costs for healthcare and shifts in reimbursement trends, 
a new wave of change in the clinical health provision is underway. In the US, the cost of healthcare 
represented 17.6 percent of GDP, which was about $600 billion more than the benchmark.  

It is a usual practice for physicians who are rewarded under a fee-for-service system to be 
concentrated on the volume of treatment provided, rather than on the quality and healthcare 
outcomes. As a result, physicians do not review the results of the outcomes which would enable 
them to understand if patients are satisfied or not. As the healthcare scenario changes with risk-
sharing models entering the payment structures, where payors provide reimbursement for drugs 
which produce measured results in patient care improvement, there is now an incentive for health 
providers to store and disseminate health data more eagerly. (Groves, Kayyali, Knott & Kuiken, 
2013). 

Moreover, with rising demand for information and data, supply of health information data 
has increased. This data is collected from claims and cost reimbursement information, 
pharmaceutical research and development information on drugs, side effects of drugs and the effect 
on the body, patient behaviour data on preferences, patient’s finances, etc. In the US, different 
large firms have joined to collaborate on utilizing big data. These include Premier, OptumInsight 
for United Health, ActiveHealth for Atena, and HealthCore for WellPoint. (Groves, Kayyali, Knott 
& Kuiken, 2013).  

The applications of big data in the real world is extensive. It is possible to gain useful 
insights into household behaviour, future expectations of customers, direction of research and 
product demand, financial stability and other economic indicators of a country by successfully 
combining big data and analytics. Walmart and Target collect data on consumer spending, 
inventories and wholesale prices, while banks collect data on household and businesses. The 
collection of these data fuel analysis about consumer preferences and result in targeted 
advertisements to consumers. (Einav and Levin, 2014). As we move into an era of digitization, for 
example into using more cashless transactional methods, the data generated from electronic 
payments could be used to analyse the trends in people’s purchasing patterns. This could give 
indications of how the labour and housing markets will behave in the future, prompting policy 
makers to predict future economic growth and formulate policies accordingly. Mclaren and 
Shanbhogue (2011) have found from their research that including the results from internet search 
for labour market growth analysis improved the forecast performance. European countries use the 
data from point of scale scanners to compile the consumer price indexes. Statistics Netherlands 
incorporated super market scanner data in its CPI in June 2002, while Swiss Federal Statistical 
Office utilized the same method in calculating its price index. (Armah, 2013).  

Technological advancements make it easier to share information. The advancements have 
made the processes of collecting, storing and analysing data cheaper and faster. This has resulted 
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in more affordable EMR systems and has allowed the hospitals and pharmaceutical companies to 
ensure privacy. The specialized computer systems allow for more advanced data analytics by 
combining data across different data pools. Advanced analytics could for example show that which 
of the three treatments a patient has been given, resulted in the highest response rate in reducing a 
cancer tumor. (Groves, Kayyali , Knott & Kuiken, 2013).  

For healthcare, the applications of big data have translated to healthcare analytics 
encompassing patient information, funding options and evaluation, and evidence-based research. 
Companies and start-ups are using the electronic data driven platform and machine learning 
technology to build user friendly applications which enable the patients’ easier access to 
professional physician help. Patients can hope to convey their concerns to physicians even without 
the need to be physically present at clinics. Telemedicine, a recently built technology, is a way for 
providing care to patients using telecommunication technology. It would improve healthcare 
access for patients in rural areas since it allows transmission of medical as well as health 
informatics data and imaging between different locations. It would be possible to virtually receive 
feedback on patient’s symptoms and be diagnosed. This would enable faster care and reduce the 
long wait times currently plaguing the Canadian healthcare system.  

The value of healthcare system will come from adjusting and balancing the costs of 
healthcare with patient outcomes, in other words when the costs and benefits are balanced. This 
value will come about through the collaboration of patients, care providers, quality healthcare 
provision and innovation through new therapies and approaches to deliver care. It is estimated that 
collaborations would lead to early successes in clinical trials, which would drive down costs from 
$450 billion USD to $300 billion USD in healthcare spending in the US. Groves et al. (2013) have 
found in their study that preventive actions such as early cholesterol screening and hypertension 
screening for patients with family histories, aspirin use for patients with risk of coronary heart 
disease, reduce total cost of care by over $38 billion USD. (Groves, Kayyali, Knott & Kuiken, 
2013). 

Canada is positioned to dominate in the data analytics landscape in the areas of healthcare 
and mining. The analytics market in Canada is estimated to be $1.1 billion per year. (Bourgi, 
Castillo & Freund, 2015). Moreover, Bourgi et. al (2015) also say that Ontario contributes to one-
third of the ICT sector’s gross domestic product. Furthermore, government initiatives in taking 
advantage of the data initiatives have been increasing, with steps taken by the current government 
in launching national strategies for digitizing Canada. Along with the growth in data analytics, 
employment opportunities have also increased in the sector. Information and Communication 
Technology Council (ICTC) estimates that about 33,600 data analysts were employed in Canada 
in 2016 who contributed about $5 billion to the Canadian GDP. (Bourgi, Castillo & Freund, 2015).  

However, the healthcare sector has lagged behind in using data and data analytics to help 
make medical decisions. This is partly due to the traditional way of thought of medicine 
practitioners. The physicians would rather base their decisions on their own knowledge and 
judgement compared to data driven solutions. A second reason for slow health data analytics is the 
lack of availability of data. It is difficult to share data among organizations and hospitals due to 
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barriers relating to privacy concerns. Lengthy and time-consuming documents have to be drawn 
up before any sharing of information can take place. These documents also require to be approved, 
which further constrain time and thus hamper efficiency for hospitals. 

In order to sustain the momentum of the current big data revolution and to reap the benefits 
of data analytics, stakeholders such as the government, pharmaceutical companies and tech 
innovation companies have to remain committed. Data governance should be established to ensure 
that privacy of patients is retained, and information is available to be shared securely. The 
definitions of healthcare data demographics must be standardized so that interpretation is uniform 
across data pools and new research. Lastly, it has to be ensured that the load of data management 
and analysis is shared by all participating entities to capture the full value of data analytics.  
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3 The Importance of Economic Evaluation in Big Data in Healthcare 

Big data provides a pathway for real time evaluation and analysis of data. This requires the 
companies to manage the data it collects by integration and coordination. Cloud sharing, B2B data 
exchange enable data sharing with vendors, outsourcing, etc. Ultra-messaging and data masking 
enable distribution, management and security of sensitive data. (Informatica, 2012). 

In order to glean the value of data and put it to good use, it is important that the information 
from stored data pools is linked to provide solutions and create new knowledge. An economic 
evaluation of big data will help understand the value in terms of dollars, which allows a cost-
benefit comparison.  

Moreover, to enumerate the value of big data, it is important to evaluate the usefulness of 
big data. A thorough economic evaluation of the state of big data in health care would enable us 
to understand the value of data analytics in the healthcare system, as well as provide some 
perspective into weather the costs of implementing and undertaking the numerous digitization 
strategies in healthcare systems as identified in section 2.1, would be worthwhile. It is vital to 
know whether standardizing and structuring the huge volume of unstructured data is valuable to 
the healthcare system or not. 

 

3.1 What is an Economic Evaluation? 

Economic evaluation refers to the systematic comparison between the input (costs) and the 
outputs (benefits, outcomes, results) for a project. Analysing the cost and benefits would give some 
insight into whether a project would be feasible to pursue. A systematic evaluation specifies the 
details about the courses of action, the outcomes and the exact perspective for the results while a 
comparative evaluation examines alternatives to identify relative efficiency of actions. A complete 
economic evaluation examines all the relevant costs and results of actions so that trade-offs can be 
examined.  

An economic evaluation is a necessary step in understanding where big data, in its current 
form and shape, stands in the healthcare industry. As mentioned previously, healthcare in Canada, 
and especially in Alberta, has made important strides in the inclusion of digital recording and 
electronic patient records. All of the advancements made in digitizing the healthcare system has 
resulted in a huge volume of data and data repositories. While data is available, much of it is not 
in a usable form. Unstructured data constitutes a large part of the collection of patient records, 
transactions and billing of hospital facilities and services. In order to determine the usability of the 
data available and whether the benefits of implementing data analytics in healthcare is higher than 
the costs, it is important to conduct a systematic evaluation of big data in healthcare. 

The tools used in economic evaluation vary based on context and detail. There are three 
main forms of economic evaluation, these are as follows: 

• Cost-Benefit Analysis (CBA) 
• Cost Effectiveness Analysis (CEA) 
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• Cost Utility Analysis (CUA) 

3.1.1 Cost-Benefit Analysis (CBA) 
This is the most common form of analysis. It is usually done in monetary terms. According 

to welfare economics, a net excess of monetary benefits compared to costs represents a net welfare 
gain to society. A cost benefit analysis determines whether the intervention or project provides a 
net welfare gain to society and how the net gain is different and better from an alternative 
intervention or project. Hence, CBA analyzes both allocative and productive efficiency. (Palmer, 
S., Byford, S. & Raftery, J. 1999). 

Cost Benefit Ratio is calculated as follows:  

 
Source: Leung (2016); Health Economic Evaluation: A Primer for Healthcare Professionals 

3.1.2 Cost Effectiveness Analysis (CEA) 

This method compares the costs of achieving a particular nonmonetary objective, for 
example measuring outcomes in natural cases like lives saved, heart attacks prevented, natural and 
caesarean births, etc. Outputs are measured in the same unit across alternatives and results are 
expressed as a ratio of the cost to outcome. As costs and benefits are measured in different units, 
a CEA ratio provides a comparable measure to assess the effectiveness of the project. However, 
this ratio does not provide a measure of relative efficiencies between two intervention or project. 
(Palmer, S., Byford, S. & Raftery, J. 1999). 

 Cost Effectiveness Ratio (CER) 
Cost effectiveness ratio is calculated using the following formula: 
 

  
Source: Leung (2016); Health Economic Evaluation: A Primer for Healthcare Professionals 

In the above formula, CostAlt_1 and CostAlt_2 are net discounted costs of two alternate 
projects 1 and 2 respectively while EffectAlt_1 and EffectAlt_2 are net discounted effects of 
project 1 and project 2 respectively. Leung (2016) reports that using CBA to compare outcomes 
in terms of dollars will enable the president to decide and allocate budget between healthcare, 
welfare, defense and infrastructure. At the provincial levels, CUA can guide Public Health Director 
to refer resources into different disease preventing initiatives using population health outcomes 
while CEA measures justify the choice of the best glaucoma screening program.  
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3.1.3 Cost Utility Analysis (CUA) 

This form of evaluation takes preferences and time factor into account. For example, 
impacts of different health programs can be compared with a ‘quality of life’ measure also known 
as “Quality-Adjusted Life-Year” or QALY. It is measured as follows: Quality-Adjusted Life-Year 
(QALY): Weight of a year of life which is of low quality minus weight of a year of life of higher 
quality.  

By analyzing the patterns and trends in healthcare, big data can potentially improve the 
opportunities in healthcare services, while reducing costs and making healthcare provision more 
efficient and accessible. Raghupathi and Raghupathi (2014) report that analyzing big data can lead 
to higher quality of care at lower costs. Raghupathi et al. (2014) also say that by analysing patient 
characteristics and profiling, health provider behavior can be influenced. Patients receive better 
healthcare via preventive care, lifestyle changes and disease profiling.  

Cost minimization can be achieved by publication of medical records and options, so as to 
enable patients to identify and choose the procedures and doctors; thereby reducing the cost of 
having patients shift from one doctor to another as well as saving time. Currently, the waiting time 
for patients to receive a call after being referred to a doctor is very long, with emergency and 
surgery wait times even longer. A study on Canada’s healthcare performance by Bacchus, Hasan 
and Timmermans (2017) found that patients had to wait an average of four months or more for an 
appointment with a specialist, and four months for an elective surgery. (Bacchus, Hasan and 
Timmermans, 2017). This waiting period causes patients to undergo unnecessary and prolonged 
suffering. The 19th edition of the wait times study by Esmail (2009) reports 49.2 to 70.8 percent of 
around 2.8 million people in waiting for a certain procedure or meeting a physician were affected 
by anxiety, worry and stress. (Esmail, 2009). 

 

3.2 The Scarcity of Economic Evaluation in Big Data 

A scoping study conducted by Losev (2017) across MedLine, Scopus, EconLit, and 
PubMed databases, using keywords such as ‘economics,’ ‘economic evaluation,’ or, ‘cost-benefit 
estimation,’ or, ‘analysis,’ or, ‘evaluation,’ or, ‘projection.’ Combining the prior terms with ‘big 
data,’ and ‘health care,’ or, ‘medicine,’ or, ‘health services,’ or, ‘hospital,’ resulted in only seven 
peer-reviewed journals and 2 grey literature. This shows the lack of research that has been 
conducted in evaluating big data in healthcare. Einav and Levin (2014) discuss the use of data in 
economic empirical research and point out how the availability or unavailability of data may 
change how an economic study is done. Chen, Guzauskas, Gu, Wang, Furnback, Xie, Dong and 
Garrison (2016) discuss the role of big data in health economics and outcomes research studies 
(HEOR). Chen et al. (2016) say that big data analytics can make the health economic studies more 
specific by employing “patient similarity analysis.” Precision medicine will also gain momentum 
with big data analysis and economic evaluation. Precision HEOR would bring the benefit of better 
assessment of economic value of treatment. Phillips, Douglas, Trosman & Marshall (2017) 
conducted research on economic evaluation of digital biomarker technologies and found that only 



14 
 

a few digital medicine technologies have been evaluated regarding costs or outcomes. They point 
out that there is a lack of effective evidence in digital medicine, which makes it harder to conduct 
economic evaluations. Phillips et al. (2017) also suggest the need for standardized subheadings in 
PubMed, which would allow for easier and efficient searches for relevant research. Given the lack 
of literature and evidence-based studies in economic evaluation in big data in healthcare, this paper 
adds to the literature and provides a case study to illustrate the lack of structured data availability 
for research.  

 

3.3 The Challenges of Conducting Economic Evaluation using Big Data 

Gartner, an IT research firm, estimated that total software and IT services spending on big 
data analytics was above $28 billion USD worldwide in 2012. Business performance improves 
significantly when data analytics is used. Even then, many companies have not yet adopted this 
evidence-based decision-making practice. The reasons, as cited by Ross, Beath and Quaadgas 
(2013) are the need for redefined work processes, re-establishing business rules and the cleaning 
of data; this is a big ‘cultural shift’ for most companies. Another reason why companies cannot 
reap the benefits from big data is the different sources of data available, which result in different 
interpretations. It is important that metrics come from a single source and is cleaned and structured 
so as the data analytics paint a clear picture of the company’s performance. (Ross, Beath & 
Quaadgas, 2013). 

Hanna (2018) reports of a partnership between Kraft Precision Medicine Accelerator, the 
Harvard Business School and MIT. This was founded with a $20 million USD gift, with the 
intention of eliminating bottlenecks and inefficiencies in precision medicine. The accelerator co-
chair claims business analysis approaches will help speed up the processes and reduce 
inefficiencies in the development of precision medicine. (Hanna, 2018).  

Pharmaceutical companies may identify patients for clinical trials if given access to big 
data. Pharmaceutical firms have been gathering vast amounts of data regarding patient information 
in order to perform research activities, as well as supply chain monitoring. Informatica (2012) in 
its report claims that roughly 70 percent of a data project involves the integration, cleaning and 
transformation of data, before analyzing it.  

However, analysing and utilizing data is difficult for pharmaceutical companies since they 
have to balance the costs of extracting data as well as comply with ethical concerns. Collecting 
enough patients for clinical trials and assembling the ethics report requires time and money. 
Moreover, monitoring the supply chain and research and development in order to keep the products 
safe from theft and counterfeit require extra time, effort and expense. On the other hand, as the 
world evolves, and the spread of infectious diseases increase, pharmaceutical companies must be 
at par in order to optimize the supply and demand of medicines. (Informatica, 2012).  

Patients are becoming more aware of available treatments and spend a substantial amount 
of time researching available options. When it comes to participating in clinical trials, the patients 
are also evaluating the value of their time and money and opportunity costs of participating in 
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clinical trials. For pharmaceutical industries to succeed in advancing research and development, 
real-time industry information needs to be combined with historic data for greater understanding 
of the demands and needs for enhanced patient outcomes. Analysing real time data provides 
insights into treatment pattern, clinical outcomes, etc. in a real-world environment.  

Copping, R. and Li, M. (2016) observe a different aspect regarding the barrier to utilizing 
big data in pharmaceuticals: the need for upgrading skill sets. They say that the current challenge 
is the inability for pharmaceuticals to handle big data due to a lack of skills for the clinicians and 
coders in extracting clinical data from charts, physician’s notes, scans, images and pathology 
reports. The ICD-11 coding system will come into play in this regard as it includes a vast amount 
of codes for new diseases, disorders and a new and easy structure for coders to navigate through 
the system. Another challenge in conducting economic evaluation using big data is finding a way 
to utilize the vast amount of unstructured, missing information in an effective manner. Hence, 
better and analytical methodologies and tools are required. (Li & Copping, 2016). 

A structured economic evaluation of the data utilization in healthcare would pave the way 
for improved efficiency, both in terms of the service delivery, reduction in wait times, better 
communication and allocation of resources and an enhanced range of choices available to patients 
in the future. This paper uses the ICD-9 to ICD-10 transition study to illustrate the extent to which 
data is being utilized to predict and provide health services. The case study highlights the gaps in 
big data in terms of structure and availability of data for research due to privacy concerns, and the 
challenges faced in trying to conduct the economic evaluation on the ICD-9 to ICD-10 transition. 
Literature review on the cost benefit analysis of the ICD-9 to ICD-10 transition resulted in only 
two reports from the years 2001 and 2004 which provided guidelines for cost-benefit estimation 
of transitioning to ICD-10. These are the RAND report, The Costs and Benefits of Moving to the 
ICD-10 Code Sets (2004), from the United States and a business case from the Calgary Health 
Region (CHR), ICD-10-CA/CCI Business Case (2001). The only cost projection study for ICD-9 
to ICD-10 transition, in the Canadian context, is the business case which was completed sixteen 
years ago. This shows the lack of literature and data needed for cost projections. Currently, there 
are no national cost projections for the newest ICD-11. It is imperative to know the cost 
implications of ICD-11 as it is presently being reviewed by the World Health Organization for an 
expected implementation date in 2023. In order to understand the economic impacts of the ICD-
10 to ICD-11 transition, the case study on the ICD-9 to ICD-10 transition is very timely and would 
provide the required cost and benefit estimation frameworks. The results of the case study show 
that data is currently only utilized for a limited amount of research by academicians and is not 
applied by clinical practitioners in the provision of healthcare. With advancements in machine 
learning and the huge availability of health data, it is vital that the healthcare industry exploits the 
advantages big data can provide.  
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4 The Economic Evaluation of ICD-9 to ICD-10 transition in Calgary: A 
Case Study 

4.1 What is ICD and ICD-9 to ICD-10 coding system transition? 

ICD assigns codes to medical diagnosis that are part of an internationally recognized 
registry of diagnostic codes set out by the World Health Organization (WHO). The current ICD-
10 is a health data management computer system that includes hundreds of diagnostic codes. These 
codes are used for research and analytics by the health industry, as well as to pay healthcare 
providers. The Deputy Minister of Health for provincial, federal and territorial governments 
decided to adopt the International Statistical Classification of Disease and related Health Problems 
(ICD)-10 in 1995. The date of implementation for Alberta was set to be on April 1, 2002. ICD-9, 
which was published by the World Health Organization in 1977, was deemed inadequate in 
reflecting the newest advances in medical care, such as genetic research, international data sharing 
and biomedical informatics while ICD-10 provided greater detail for coding inpatient hospital 
procedures and diagnoses.  ICD-10 increased the original volume of approximately 18,000 codes 
in ICD-9 coding system to over 140,000 codes; for the United States, the transition meant a five-
fold increase to 68000 codes. (Deloitte, 2010; Health Affairs, 2014). By 1998, approximately 38 
countries had adopted the ICD-10 coding standards. 

ICD-10 included an enlarged coding frame, hierarchic and logical presentation of codes 
using alphanumeric characters and the use of combination codes, which changed and improved 
the structure of ICD-10 compared to ICD-9.  

Due to the collection of ambulatory care data, the scope for implementing ICD-10 in 
Alberta was larger than other provinces. The Calgary Health Region, in its business case study, 
estimated the total cost of implementing ICD-10 to be approximately $4,551,376 CAD. (Calgary 
Health Region, 2001). It is estimated that the cost for implementing ICD-10 in the United States 
for a small practice was expected to be $226,000 USD and above $8 million USD for a large 
practice. In addition, U.S. had to implement ICD-10 for the health insurance companies as well, 
which was around $2-$3 billion USD for total system-wide cost. (Health Affairs, 2014). 

ICD codes are used by a large facility of people ranging from clinical practitioners, 
physicians, nurses, researchers and for billing systems. A substantial amount of information from 
these coded data is used by Canadian Institutes of Health Information and the World Health 
Organization to organize and allocate budget and resources to hospitals. As Alberta moves towards 
activity-based payments, the use of ICD coding information is expected to increase. Moreover, a 
number of research publications uses ICD codes. As explained later, the interest of more numerical 
and empirical research has given rise to a surge of demand for ICD coded information, which can 
be used by specialized statistical packages to perform statistical analysis.  
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4.2 Why do we need to estimate costs and benefits of ICD transition? 

The ICD-10 is a health data management computer system that includes hundreds of 
diagnostic codes used for research and analytics by the health industry, as well as for funding 
allocation in the healthcare sector. The only cost projection study which was available on 
transitioning from ICD-9 to ICD-10, is a business case which was completed sixteen years ago. 
This shows the lack of literature and data needed for cost projections for ICD-11. As mentioned 
before, at the moment there are no national cost projections for the newest ICD-11 coding system 
which is imperative since the countries implementing ICD-11 want to know understand the 
feasibility of ICD-11 implementation. 

The paper uses the ICD-9 to ICD-10 health indicator coding system transition as a case 
study to illustrate the lack of data availability in the healthcare sector as well as the challenges 
faced in conducting an economic evaluation. At the onset, an investigative study is conducted on 
the economic evaluation of the transition from ICD-9 to ICD-10, using a cost-benefit analysis.  

A cost-benefit analysis is chosen so that the costs and benefits of the transition may be 
calculated in dollar terms. Analysing the economic impacts of the transition in monetary terms 
provides the best basis for comparison for both within the project as well as with other projects 
which will be implemented in the future, such as the ICD-11 coding system. 

The challenges in conducting the economic evaluation include a lack of data availability 
for the specific timeline of the ICD transition, as well as the difficulty in constructing benefit 
scenarios in the Canadian context. As Canada moves towards implementing the ICD-11 coding 
practice, the ICD-9 to ICD-10 transition case study is the best example to illustrate the big data 
utilization state as it provides a foundation for economic evaluation of the ICD-10 to ICD-11 
transition. Hospitals implementing the ICD-11 system are interested in understanding whether or 
not the benefits of implementing the system would exceed the costs.  

 

4.3 Literature Review for Cost and Benefit Estimation Methodology 

Two reports were reviewed for cost projections and methods of estimating the cost and 
benefits of implementing ICD-10 from the years 2001-2003. The RAND report, The Costs and 
Benefits of Moving to the ICD-10 Code Sets (2004), from the United States was compared with a 
business case from the Calgary Health Region (CHR), ICD-10-CA/CCI Business Case (2001). 
Both reports project costs and benefits for implementing ICD-10 and show the main benefits of 
newer ICD code sets. In the RAND report, the benefit from ICD-10 coding system were improved 
productivity and improved processes which led to more comprehensive information with less 
billing errors. The RAND report also calculated benefits accumulating from a better medical data 
management system under ICD-10. Additionally, the report noted that more refined codes of ICD-
10 enabled more detailed data entry, expanding research capabilities for the health care industry. 

Among the studies identified, the RAND technical report (Libicki & Brahmakulam, 2004), 
“The Costs and Benefits of Moving to the ICD-10 Code Sets” is the only study that provided a 
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comprehensive methodology for cost-benefit estimation in dollar terms. A cost-benefit estimation 
(see table 2 and table 3, Appendix C) produces dollar estimations that can help decision-makers in 
assessing the value of moving from ICD-9 to ICD-10 in the U.S. in contrast to its cost. The RAND 
report calculated that the dollar value of the benefits of moving to new code sets is greater than the 
costs of the transition. This report presented a theoretical framework that has been revised and 
adapted to form the costs-benefits estimation methodology for ICD-9 to ICD-10 transition in 
Canada in this thesis.  

The benefits outlined in the CHR business case report were not calculated and it was 
expected that there would be a general benefit from increased scope of codes, improved specificity, 
international compatibility, effective structure and presentation of the ICD-10 coding system.  

The two reports reviewed outline the necessary information to begin a cost projection for 
ICD-11. The cost estimation formulae are based primarily on the robust RAND report, as the CHR 
business case lacks details on the methodology used to estimate project costs. The data for cost 
estimation is received from Health Information Managers and Directors at Alberta Health and the 
report on ICD-9 to ICD-10 transition by Calgary Health Region. In person interviews with coding 
managers from Health Information Management (HIM) and Canadian Health Information 
Management Association (CHIMA) were conducted in order to gain more insight into the process 
of ICD-10 implementation in Calgary Health Region and to inform on the processes involved in 
the economic evaluation framework of the ICD-9 to ICD-10 transition. Moreover, skype 
interviews were conducted with Saskatchewan, Manitoba and British Columbia for another project 
estimating costs of ICD-10 to ICD-11, to understand the differences in estimation methodology 
which need to be implemented (see table 1). Although many different coding managers were 
contacted for data on enumerating the benefits, it has been very difficult to avail such information. 
The interviews and focus group discussions form the basis of the study design and formulae to 
calculate the costs and benefits of the ICD-9 to ICD-10 transition.  

 

4.4 Methodology of Economic Evaluation of ICD transition 

The economic evaluation case study in this paper borrows on the methods developed by the 
RAND study (which was conducted in the U.S.), on ICD-9 to ICD-10 transition. The methods for 
benefit and cost estimations described in this paper have been in part based on the formulae 
developed by RAND and changed according to the Canadian universal healthcare system.  

The benefit calculations are quite different due to the fact that RAND uses billing systems 
and insurance, while Canada does not implement an insurance system as the basic healthcare 
services are provided by the government free of cost to the citizens of Canada. The cost 
calculations are similar but have been differentiated in accordance to a standardized requirement 
of different provinces. Detailed descriptions of differences are provided in table 1.  
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4.4.1 Cost Estimation Methodology 

The cost estimation methodology developed in this paper is an improvement of the cost 
calculation conducted in the RAND report and the CHR business case. The calculation includes 
various new aspects and variables which make it more pertinent and recent.  

 Cost Estimation Framework by Calgary Health Region  
Prior to the implementation of ICD-10 in Canada in 2002, the Calgary Health Region 

conducted a cost estimation analysis for evaluating the implementation of ICD-10. Figure 2 
illustrates the framework by CHR. While the benefits were not enumerated, the team made a 
rigorous estimation of the costs that was expected to be incurred.  

Alberta Health and Wellness used three survey questionnaires to collect the base data. The 
questionnaires addressed impact to health authorities’ custom computer applications, impact to 
health authorities when implementing new versions of packaged software that incorporates ICD-
10-CA/CCI and information on software vendors with regards to change in license and annual 
maintenance fees for software for Inpatient, Public Health, Continuing Care and Ambulatory Care 
packages. Project management and administration costs were calculated at a rate of 15%. AH & 
W assumed that there would be no changes in morbidity data flow for simplicity. (Calgary Health 
Region, 2001).  Detailed explanations of the cost estimation, including the dollar amounts for each 
category, is presented in tables 5, 6 & 7 in Appendix D.  

 Cost Estimation Framework by RAND 
The variables included in the cost estimation in the RAND report were costs of training, 

productivity losses and system change costs. Table 2 in Appendix C gives detailed variables with 
corresponding dollar amounts. Costs were estimated by identifying the relevant coders, physicians 
and code users, along with the time required to train them. Productivity loss estimates included 
initial and long-term productivity losses associated with ICD-9 to ICD-10 transition. Costs for 
reprogramming the systems and software updates were calculated for a sample and extrapolated 
for the population. It was estimated that the one-time cost of conversion would be between $425 
million USD to $1150 million USD, while costs in lost productivity would accumulate to between 
$5 million USD to $40 million USD per year. (Libicki & Brahmakulam, 2004).   

 Validation of the CHR and RAND Frameworks for Cost Estimation 
In order to validate the economic evaluation framework used, a comparison of the cost 

estimation methodology used in the RAND report and the one used in CHR ICD-10-CA/CCI 
Business Case, was conducted. Detailed side-by-side comparisons were done to check the methods 
of cost estimation in both reports, as well as variables and data used to conduct the projections (see 
Table 4, Appendix C). The comparison showed that the framework and methodology for economic 
evaluation of ICD transition adopted in the RAND report could be modified and adopted to be 
used in a Canadian context. (Losev, 2017). 

The last ICD-9 to ICD-10 transition study was done in 2001, prior to the implementation 
of ICD-10. The cost calculations in the CHR business case is provided in Appendix D. The cost 
estimations were done based on the data available at the time. The calculations were based on 
answers to questionnaires addressing the expected training and project management costs, 
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productivity losses and software application costs. Detailed information of the exact method of 
calculations are not provided in the tables or the report by CHR. The methods and data used for 
the cost estimation, such as data on short-term and long-term productivity impacts, the bids by 
software vendors for incorporating system changes, were not available. Appendix A- the detailed 
project plan was not provided, and the reference list of the staff interviewed, stakeholders, and 
other information sources were not produced to us. The comparative tables show that CHR did not 
have as much data for cost estimations though it presented some cost amounts in the business case, 
without any background information of the data collection and cost estimates. Although the CHR 
report stated that more information was available upon request, it has been difficult to collect this 
information due to a lack of proper storage, filing as well as privacy concerns regarding sensitive 
data.   

This made it very difficult to try and conduct an analysis which could evaluate the actual 
costs that occurred during the implementation phase. It has also been impossible to collect 
information on the productivity losses and training hours required after implementation. Interviews 
with project and coding managers conducted by us in the past few months point to sufficient 
amount of time lost in productivity. This was due to the time lost in coding during which coders 
had to struggle to retrieve accurate codes and fix the broken code pathways which were associated 
with the then ICD-10 coding system. Performance appraisal reports were retrieved from the years 
2016 and 2017, but these are far too recent to accurately predict the productivity loss which 
occurred during and after ICD-10 implementation in 2002 and 2003. 

 Cost Estimation Method for ICD Transition in Canada 
Based on the CHR report and the RAND report, this paper has improved upon the cost 

estimation methodology, by adding newer variables which are used in the current coding system. 
Suggestions from the focus group interviews have also been incorporated into the formulae. It 
must be noted that the cost framework contains both the costs during implementation, as well as 
indirect costs. Indirect costs refer to the costs all the other users of the data will incur when ICD-
10 was implemented, the productivity losses which could extend well beyond the implementation 
phase as well as the opportunity costs of implementing and allocating healthcare budget. The 
opportunity costs, however, can only be calculated accurately after the costing and budgeting of 
ICD-10 implementation has been completed. Hence, this framework does not explicitly calculate 
the opportunity cost in terms of healthcare budgets, of moving to ICD-10. Costs of ICD transition 
had been classified into three broad categories: costs of re-training, productivity losses and cost of 
system changes (see Figure 1). Using data collected from the interviews and focus group meetings, 
total cost of moving from ICD-9 to ICD-10 coding system has been formulated. The main 
components of the cost projection framework are further broken down and calculated as follows:  

Costs of re-training has been divided into equivalent full-time coders, coding support unit, 
physicians/clinicians and end users of the coded data. Other users of the data include patient 
Quality and Safety, Infection Control, Business and Data Analysts and Project Managers. Cost of 
re-training is calculated based on number of people who need to be re-trained, time it requires to 
re-train them, and hourly wage in each category. Here, the people retrained are those who record 
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hospital data using ICD-10 codes. The framework does not include billing or physician claims 
coding data personnel. 

Formula 1: Simple formula for cost estimation calculation for cost of re-training 

Total Cost (CAD $) Estimation Method 
RT equivalent full-time coders Wages per hour for equivalent full-time coders X 

number of equivalent full-time coders 
RT physicians/clinicians Wages per hour for physicians/clinicians X number 

of physicians/clinicians 
RT other users (coding support unit, Patient Quality and Safety, Infection 

Control, Business and Data Analysts and Project Managers) 

Wages per hour for other users X number of other 
users 

Total Cost of re-training RT equivalent full-time coders + RT physicians/clinicians + RT other 

users 
X denotes the multiplication sign. 

Here, RT denotes the cost of re-training coders. This calculation can be done for the time 
of implementation of ICD-10 and ICD-11, to depict true costs, adjusted with inflation. It is difficult 
to collect data for the ICD-9 implementation timeline at this point in time since ICD-9 was 
implemented a long time back. The total cost of re-training is calculated by adding all the 
components outlined in the above formula.  

Productivity losses: The productivity of coders, code users and technology support units 
are affected during the transition phase. Short-term and long-term productivity losses is estimated, 
considering break-in period of three to six months.  (Break-in period refers to the transition period 
after ICD-10 is implemented, including intensive training and learning period for all users). Data 
on the number of hospital discharges per month and extra coder hours required during the break-
in period, are included in the estimation by Calgary Health Region of total cost due to productivity 
losses. Implementation of ICD-10 may coincide with new fiscal year, which would result in the 
coders to work additional time to take care of backlog of data. The productivity loss is estimated 
using the calculation depicted in the following grid: 

Formula 2: Simple formula for cost estimation calculation of productivity loss during system 
transition 

Total Cost (CAD $) Estimation Method 

M coding ICD9 per coder Minutes required to code a chart using ICD 9 codes 
M coding ICD10 per coder Minutes required to code a chart using ICD 10 codes 
M increase M coding ICD10 per coder - M coding ICD9 per coder 
Total amount increases in 
remuneration  

(M coding ICD10 per coder X wages/ hour) - (M coding ICD9 per coder X wages/hour) 

X denotes the multiplication sign. 

Here, M denotes the minutes required to code a chart by each coder.  
This calculation can be done using one-year coding data collected for one coder under each 

coding system. Performance appraisal reports are a good source for this data. The M increase 
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measure, if positive, will indicate the higher inefficiency of coding using ICD-10 compared to 
ICD-9.  In addition, we can find the dollar amount related to productivity loss by multiplying the 
wages of coders. If the total amount increase in remuneration is positive, we can conclude that the 
ICD-10 coding system is less efficient and has resulted in a cost for the hospital management by 
increasing the amount of money paid in terms of total wages given to coders.  

For example, it is expected that the coding using ICD-10 would be slow in the beginning 
allowing for an adjustment to the newer code definitions and classifications. However, gradually, 
this time difference will be closed as coders become more efficient and familiar with the ICD-10 
system. The short term (3 months) and long-term (6 months) productivity break-in periods will 
allow for accurate calculation of productivity losses.  

On the other hand, this productivity loss may be offset in some amount by the benefits 
which may be accrued from higher productivity of workers (Formula 2 in benefit estimation 
methodology) due to the better structure and enhanced software available with the ICD-10 coding 
system. 

Other code users and technology support units will require extra time to perform their daily 
tasks during the transition phase, gradually becoming used to the new system. Orientation and 
training of new hires would also cost the province time. Moreover, time is required to convert data 
which takes away time from other projects. Reinforcement training after implementation of the 
ICD-10 system is an added time required which the coders have had to invest, which in turn 
resulted in lost work time and thus productivity loss. This extra lost time is added to the per coder 
time estimate using appropriate adjustments.  

Costs of System Changes is calculated using bids by software vendors. In order to 
accumulate the cost of software application changes for the ICD business case report by Calgary 
Health Region, questionnaires were given to vendors to bid for contracts. For this study, system 
change costs are expected to include estimations of time to work, total cost of designing and 
adapting/updating software, data conversion cost, data ware house, data dictionary and decision 
support systems, licensing fees and cost of adapting the new codes and reprogramming logic.  

 
Formula 3: Simple formula for cost estimation calculation for cost of system changes 

Total Cost (CAD $) Estimation Method 
W data conversion Cost per unit of data conversion 
W hours of work by vendor Number of hours required to complete per unit of 

data conversion 
W wages per hour Wages per hour for software vendor 
Total cost of data conversion W data conversion X W hours of work by vendor X W wages per hour 
W other costs cost of designing and adapting/updating software, data warehouse, data 

dictionary and decision support systems, licensing fees and cost of adapting the 

new codes and reprogramming logic. 
 

Total Cost of system change Total cost of data conversion + W other costs 

 
X denotes the multiplication sign. 
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Here, W denotes the costs of variables related to system changes.  
In addition, the cost estimation involves accommodation expenses, travel & facilities 

expenses, data quality checks, hours of technical support needed to fix broken pathway (validation 
and correction), quality assurance reports, clinical quality of documentation, coding quality 
support teams, orientation of new hires. Other secondary users such as Manitoba Center for Health 
Policy, Surgical Information Management System, HIS, ADT, Grouper Software users and 
institutions offering online courses will have been affected by the system change and will have 
incurred costs in terms of both software changes and retraining of workers. For ICD-11 transition 
cost estimation, IMO and coding automation would be added variables. Moreover, the cost 
estimations will vary in different provinces due to the prevalence of different needs and regulations 

From discussions and interviews with Health Information Managers and other data coding 
directors and managers in Alberta, Manitoba, Saskatchewan and British Columbia, the differences 
in cost estimations for different provinces is detailed in table 1.  

 
Figure 1: Cost Estimation Framework 

4.4.2 Benefit Estimation Methodology 
 Benefit Estimation Framework by RAND 
In the RAND report by Libicki & Brahmakulam (2004) the benefits of moving to ICD-10 

are the following: 
a. More-accurate payments for new procedures  
b. Fewer miscoded, rejected, and improper reimbursement claims  
c. Better understanding of the value of new procedures  
d. Improved disease management  
e. Better understanding of health care outcomes (considered, but not estimated) 
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In RAND report, benefits were estimated using benefit scenarios. A detailed summary of 
the benefit estimation calculation as estimated in the RAND report is provided in Appendix C. 

 Benefit Estimation Framework by Calgary Health Region  
The CHR business case highlighted that benefits from the ICD-10 implementation is 

expected in terms of a more comprehensive coding system which includes many new procedure 
codes, terminology and clinical concepts; increase in the specificity of codes which would result 
in better quality of data for epidemiological research as well as higher sensitivity of classification; 
a Canadian version of ICD-10 coding system which ensures that the coding is relevant to the 
Canadian healthcare system; and international compatibility of codes which will result in 
international comparability of data. However, CHR did not enumerate the benefits into dollar terms 
in the report. (Calgary Health Region, 2001).   

 Validation of the CHR and RAND Framework for Benefit Estimation 
The RAND report estimated benefits in terms of benefit scenarios. While the RAND report 

provided a comprehensive background for the methodology for estimating the benefits, it is 
important to note that the operational systems of the billing process in Calgary is very different 
compared to the U.S. These benefit scenarios which employed the billing and payer methods, such 
as those resulting from insurance payments, value of new procedures and improved disease 
management, are difficult to construct in the context of the Canadian healthcare system. This is 
because, the Canadian healthcare system is a single payer system, which does not use ICD-10 
codes for billing purposes. It still uses ICD-9 codes for some of its hospital bills and payments.  

Moreover, CHR, in its ICD-9 to ICD-10 transition report (2001), did not mention less fraud 
as a benefit of newer codes. RAND mentioned less fraudulent claims as a benefit. It is quite 
plausible that the issues of miscoded and reimbursement of claims does apply even in Canada, 
however, since ICD-10 has not been implemented and insurance or third payer parties is not widely 
used in Canada, this benefit cannot be calculated. Therefore, it would be valuable to find some 
information about the rate that this may occur in Alberta or Canada to calculate if new codes could 
reduce over-billing by improper coding. Unfortunately, due to a lack of information, economic 
evaluations or investigations of any sort, it is not possible to track mis-coding, improper billing or 
fraudulent claims.  

Moreover, physicians and hospital administration does not use ICD codes for diagnoses or 
for hospital management, thus the benefit scenarios arising from better disease management cannot 
be constructed. This thesis has however constructed a few of the benefit scenarios and has given 
detailed formulae for benefit calculation in the Canadian context (see Appendix E). Appendix E 
also provides a discussion of the challenges due to which the benefit scenarios cannot be applied 
in practice.  

Furthermore, the Canadian healthcare management varies by each province and territory 
in its processes and healthcare funding allocation. Since the U.S has a large variance across their 
vast multi-payer health system, the RAND report offered wide confidence ranges to accommodate 
for those uncertainties and acknowledged further research opportunities, while also accounting for 
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their small sample sizes. The CHR business case, however, did not account for these variances 
across provinces.  

 Benefit Estimation Method for ICD Transition in Canada 
Although the benefit estimation scenarios do not apply in the case of Canada, one benefit 

calculation formula, which applies to the Canadian context is illustrated below: 
ICD-10 has an enlarged coding frame and uses the grouping software which makes coding 

more efficient and faster, resulting in a reduction in time required to code. This would result in 
higher productivity of workers over time. The calculation for this benefit is done using the 
following formula:  

Formula 1: Simple formula for benefit estimation calculation for reduced time required to code 
after ICD-10 implementation 

Total Benefit (CAD $) Estimation Method 

M coding ICD9 per coder Minutes required to code a chart using ICD 9 codes 
M coding ICD10 per coder Minutes required to code a chart using ICD 10 codes 
Minutes saved  M coding ICD9 per coder - M coding ICD10 per coder 
Total amount saved in 
remuneration  

(M coding ICD9 per coder X wages/ hour) - (M coding ICD10 per coder X wages/hour) 

X denotes the multiplication sign. 

Here, M denotes the minutes required to code a chart by each coder.  
This calculation can be done using one-year coding data collected for one coder under each 

coding system. Performance appraisal reports are a good source for this data. If the total amount 
saved in remuneration is positive, we can conclude that the ICD-10 coding system is more efficient 
and has resulted in benefitting the hospital management by saving money in terms of total wages 
given to coders. The minutes saved measure, if positive, will also indicate the higher efficiency of 
coding using ICD-10 compared to ICD-9.   

However, the estimation of productivity gains from ICD-10 coding, a stark contrast to the 
productivity loss estimation, may be a scale which could easily tip in favour of productivity loss 
instead. This productivity gain may be realised only when a considerable number of years has 
passed after ICD-10 implementation.  

Other benefits arising from ICD-10 implementation include higher number of 
classifications and specificity and the inclusion of newest procedures. This results in increased 
coding efficiency and reduced time required to code, which can be measured using formula 1 
above.  

 

4.5 The Data Quantity and Quality Approach for Benefit Estimation 

The other benefit from ICD-10 implementation is the enhanced data quality and increase 
in quantity of research papers, arising due to the use of combination codes, better system structure 
and addition of newer procedures and codes. Since the data for the variables for benefit scenarios 
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in Appendix E is unavailable for the years from 2000 to 2003, which is when the ICD-9 to ICD-
10 transition took place, as well as due to the difficulty in constructing the benefit scenarios in the 
Canadian context, the benefit from increased data quantity and quality is measured. This has been 
done by observing the number of peer reviewed research published using ICD-10 code data 
compared to ICD-9 between the years January 2000 to May 2018. I have gone through articles 
found on PubMed and used search terms related to ICD-9 to ICD-10 transition, which included 
the terms ‘coding system,’ ‘ICD-9,’ ‘ICD-10,’ ‘data quality,’ ‘data quantity,’ and ‘ICD transition,’.  
Searching with all the search terms mentioned above, we see that a higher number of journal 
articles have used ICD-10 codes compared to ICD-9 codes for research purpose.  

 However, this is a very small scale and simplistic survey. There could be various pitfalls 
to assuming that the rise in research report publications is due to a better structure of the ICD-10 
codes. It should be noted that many of these papers sought to understand whether the transition to 
ICD-10 coding system brought about higher specificity and sensitivity in understanding the coding 
of diseases, compared to ICD-9.  

This method of estimation is vague since there is no threshold or limit to the total number of 
publications that can be accounted for. The list is virtually exhaustive, making it very difficult to 
enumerate all publications that have utilized ICD-9 and ICD-10 codes. Other factors may affect 
the increase in economic evaluation and resulting increase in publication of research overall. These 
are explained as follows: 

4.5.1 Increase in research funding: 

There may have been an increase in research funding in the years after 2000, which has led 
to a rise in publications in the field of healthcare. Tamblyn, McMahon, Girard, Drake, Nadigel and 
Gaudreau (2016) report that in the years from 2001 to 2011, 80163 applications for grant were 
submitted to CIHR, which marks a threefold increase; from 327 to 1137 applications per year for 
health services and policy research.  Annual funding for accepted research increased from $12.6 
to $48.0 million between 2001 to 2011. 

4.5.2 A heightened interest in the economic evaluation of health sector and healthcare 
budget: 

I. More seminars and conferences may have been arranged as a response to the demand for 
higher dissemination of information. Seminars usually constitute of presentation by 
researchers, policy makers and academic personnel, which results from published reports 
and synthesized statistics. 

II. Voters are more aware of the effect public policy changes have on their daily lives. This 
creates an interest in learning more about the healthcare policies and the ways in which 
healthcare is funded. There has been a rise in the debates for privatizing healthcare to 
make it more efficient. As discussed previously in this paper, Canada has high wait times 
for physician appointment, surgery, etc. and studies are being conducted to determine 
exactly how long these wait times are. Activity-based funding, cost-sharing and user fees 
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are upcoming arguments which the people of the country are interested to know more 
about.  

III. Academia has become more competitive than ever before. Universities give higher value 
to professors who publish in high ranking journals, while the community gives more 
recognition to researchers publishing a higher number of reports and commenting in 
tabloids regarding policy options. This has resulted in the academic community to engage 
in publishing more research reports or op-eds which in turn may have contributed to an 
increase in the number of publications. 

IV. The recent trend in accepted journal publication is a demand for intensive and more 
convincing empirical evidence to support claims and hypothesis by the authors. This trend 
in trying to obtain and incorporate more data has resulted in researchers turning to data-
driven research, which means a heightened use of ICD coded data. This may not have 
been the case even in the early 90s, and hence acts as a contributing external factor in 
increased journal publication using ICD-10 codes. 

The above factors contribute to an increase in the number of publications using ICD-10 
codes compared to ICD-9. Thus, although we may be inclined to conclude that the detail and 
structure of codes in ICD-10 has backed a rise in better quality research judging from the higher 
number of published papers, it could quite well be a result of the above factors.  

Other benefits which are being considered, albeit just in theory for this paper are 
international compatibility in codes, effective structure due to enlarged coding frame and higher 
number of codes resulting in better and easier coding practices with fewer errors, better 
understanding of health conditions and healthcare outcomes and rapid detection of emerging 
diseases.  

 

4.6 Lessons learned from the ICD-9 to ICD-10 Transition Case Study  

As the WHO rolls out the ICD-11 coding system, it is important to understand the milieu 
of the economic impacts such a system change will bring about. An economic evaluation which 
weighs the costs of a system change such as the ICD-9 to ICD-10 coding system transition against 
the benefits, will provide a platform to prepare and understand the processes the ICD-10 to ICD-
11 transition will go through.  

The case study illustrates the methods and formulae required to calculate the benefits and 
costs of the transition in monetary terms. In doing so, the study highlights the challenges and 
drawbacks of completing a cost benefit analysis. These impediments mainly hinge around the lack 
of availability of structured data, both due to the timeline of ICD-9 to ICD-10 transition, as well 
as due to issues surrounding privacy of data, collection and storage.  

Although the costs estimated by Calgary Health Region in September 2001 had been 
measured using interview questionnaires and secondary data, most of it was an extrapolation of 
estimates. It is challenging to calculate the exact cost measures since the data for the periods from 
2000 to 2003 is unavailable. Moreover, from interviews for the ICD-10 to ICD-11 transition study 
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(which is being conducted by The Methods Hub at The University of Calgary and tries to formulate 
a cost benefit analysis of the ICD-11 implementation in Canada) it was found that most of the data 
is too sensitive to be collected. A cost benefit evaluation thus seems to be a very difficult task to 
accomplish. We have been asked by DIMR to provide them with information on what data it needs 
to collect, in order to facilitate a study like the ICD transition evaluation.  

On the other hand, the HIM did not have access to the methodology and figures used by 
CHR, so the methodologies of the cost estimations in the CHR business case could not be checked. 
In the absence of tests for miscoding, over-coding, or under-coding, for example, a physician may 
opt for the most general ICD code when billing despite having the choice of more detailed codes 
to choose from. This may impede the potential benefit of ICD-10 providing a more robust 
information pool for medical research. 

Despite the formulation of an extensive estimation technique to evaluate the transition, it 
has been a challenging task to employ the cost-benefit analysis. This has been due to a lack of 
availability of data and considerable gaps in usage of codes in practice. Interviews and discussion 
with experts have shown that the ICD health codes are not used for disease management or referred 
to by physicians to identify possible solutions for the patients. However, the coding managers have 
strongly recommended that the codes could be used to inform on the progress of patients and may 
even facilitate early discharge depending on an analysis of the charts by the physicians. 

Due to the significantly different health system in Canada, which is a single-payer system 
compared the multi-payer system in the U.S., it has been difficult to construct the benefit scenarios 
outlined in the RAND report. Hence, the cost-benefit analysis applied in the RAND report is not 
feasible to be applied for Canada. The benefit measured in this thesis in terms of data quality, is 
not in dollar terms and cannot be taken as a sole measure to compare against cost of ICD-10 
implementation. Hence, another lesson learned from this study is the direction of economic 
evaluation for the next ICD-10 to ICD-11 study, which would lean more towards a cost-
effectiveness analysis, rather than a cost-benefit analysis. Given the context of the health system 
in Canada, a cost-effectiveness analysis is more feasible. This next transition study would estimate 
the costs using a refined cost estimation framework and estimate the benefits in terms of data 
quality, by calculating the sensitivity, specificity, positive predictive value and negative predictive 
value for each of the Charlson (Charlson, Pompei, Ales & MacKenzie, 1987) and the Elixhauser 
(Elixhauser, Steiner, Harris & Coffey, 1998) conditions.  

 

4.7 The Way Forward  

The utilization of data in healthcare has vast implications for the future. This includes the 
possible advancements in activity-based funding for hospitals, information management of 
patients, policy implications regarding privatization of healthcare, payment reform, risk 
adjustment, budgeting for healthcare, and using ICD codes for disease management and practice.  
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4.7.1 Activity based funding 

With activity-based funding making strides in Alberta in the next year as reported by the 
Fraser Institute, the province and the country has to ask the very pertinent questions of whether 
the province of Alberta is prepared to adopt such methods.  
Activity based funding refers to allocation of money to hospitals based on the number of 
procedures and treatments provided from the hospital. It is deemed to be a positive stride in 
ensuring higher efficiency and accountability for hospitals. Canada currently has the highest rate 
of waiting times among countries providing universal healthcare. The wait time for seeing a 
specialist is almost four months (Bacchus, Hasan and Timmermans, 2017). It is expected that a 
change in methodology would help the hospitals become more efficient due to enhanced 
monitoring and activity-based funding.   

The current system of payment of funds to hospitals is via a global budget. This means that 
hospitals are paid a lumpsum amount, regardless of the number of patients treated. This creates a 
disincentive for hospitals to efficiently treat patients and mobilize resources for faster care. It also 
results in hospitals trying to outsource patients who need extensive or long-term care in order to 
reduce expenses and remain within budget.  

According to a report by CIHI, activity-based care involves health system funders to gather 
information from clinical and financial data. This data is then categorized into clinically similar 
and cost homogeneous groups to map activity-based payment price. Hospitals and healthcare 
providers are reimbursed for services provided based on this data. (Canadian Institute for Health 
Information, 2013). 

The proponents for activity-based funding cite increased efficiency and higher quality of 
healthcare provision under this system. However, the disadvantages include lower services 
provided by some regions if providers are unable to attain required efficiency levels for certain 
services and redirect resources to other more profitable health services. Moreover, this method of 
funding would require increased monitoring and information requirement to adequately assess 
funding for hospitals and services. Policies need to be enacted to ensure that information is readily 
accessible, and codes are recorded without glitches for smooth operation.  

4.7.2 Payment Reform and Auto Coding 

With the advent of data analytics in health care, important policy strides may be made 
towards using coded information for payment reform. Recent debates regarding cost-sharing and 
implementing user-fees may become more accessible and closer to reality given readily accessible 
and detailed data.  

Data from ICD coding may also be used to facilitate budgetary concerns in greater detail. 
ICD-11 codes have recently been launched live and is expected to be used in hospitals by 2023. 
The aim of WHO in launching ICD-11 is a set of codes which will be compatible with the existing 
software system. The new set of codes incorporate PTSD, mental and reproductive issues at a 
greater extent than previous codes. This would enable government and health care practitioners to 
understand the extent of mental health disorders and the amount of funds which need to be 
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allocated to this area. ICD-11 also differs in structure from its precursors; it incorporates clustering 
and will address concerns of mapping between different coding systems in use, quite possibly 
SNOWMED. SNOWMED is a system which gives multilingual and complete terminology for 
clinical procedures. Southern et. al (2016) report that clustering will ‘enable the capture of the 
complete clinical picture and benefit the quality improvement efforts and patient care.’ Data from 
the different codes of PTSD, mental health etc. could also allow potential re-allocation of 
government funding based on evidence.  

Auto coding could be used in the coming years. Auto coding would involve usage of ICD 
codes and data analytics to inform on disease management. This could potentially alleviate wait 
times through better tertiary management of patients. There would be implications for the cost 
framework and estimations outlined above if auto coding is adopted, such as a reduced need for 
coders and thus re-training costs would be lower. However, this may result in coders being laid 
off, although the nature of work of coders may change from just coding to analysing the coded 
charts. Gibson (2012) reports that EHR and auto coding result in higher efficiency for medical 
billing processes. Although, he notes that auto coding does not eliminate the need for thorough 
review by medical coders. Computer Assisted Coding (CAC), is a software which generates auto 
codes using SNOMED CT (Systemized Nomenclature of Medicine- Clinical terms). Since coding 
software are prone to creating codes which are considered medically unlikely for third-party 
payers, the codes generated require to be reviewed by professional and experienced medical coder. 
(Gibson, 2012).  

On the other hand, in the U. S., as reported by Holland (2018) auto coding and EMR can 
also cost the medical system a huge amount of money instead of cutting medical costs. This is 
because of the need for doctors to have to enter more codes in the automated system to correct 
mistakes. This takes time away from treating patients and may cost a doctor more than $200 USD 
to process one bill payment. (Holland, 2018).  

If the data is used by physicians as an extra help in addition to their diagnosis; for example, 
in providing information regarding a particular set of drugs and its uses, side effects and percentage 
of people cured using a certain drug, the chances of a patient being prescribed the correct drug 
may increase. On one hand this would enable faster diagnosis, and on the other, patients can be 
made more aware of which drugs are being prescribed to them and why. 

4.7.3 The move towards implementation of ICD-11 

A parallel study by The Methods Hub at University of Calgary, is working on estimating 
the cost and benefit frameworks for ICD-11. The cost framework is given in table 1, along with 
the differences in estimation variables between Alberta, Manitoba, British Columbia and 
Saskatchewan.  

It is expected that the cost estimation framework developed in section 4.4.1.4 will help 
policy makers to address some key questions surrounding the adoption as well as implementation 
of the ICD-11 classification system. These are:  

I. Who will be affected by the ICD-11 transition?  
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II. What would be the economic impacts of the ICD-11 transition and what are the resources 
and support needed?  

III. How much will this transition cost?  
IV. What are the benefits of this transition? 

Codes in ICD-11 are very different and easier to incorporate compared to ICD-10, due to 
the more effective structure of ICD-11 system. This is expected to bring in an easier transition for 
the coders. CIHI also expects ICD-11 to be more widely used due to the introduction of many new 
codes such as mental health, gaming disorders, etc. in ICD-11. Due to clustering in ICD-11, which 
makes it easier to read and connect with other systems, it may be a possibility that ICD-11 codes 
would bring about more machine learning and automated systems. It may also be possible to 
incorporate physician claims and billing for certain regions to use ICD-11 codes.  

The RAND report on ICD-9 to ICD-10 transition used billing information and insurance 
information to calculate benefits. Although the RAND report was used as a guide, it was not 
possible to adapt the disease management and payment benefits for estimation of ICD-9 to ICD-
10 transition in the Canadian context, since Canada has a universal healthcare system where the 
government pays for healthcare except for optometric and dental care. As mentioned earlier, 
clinicians or physicians do not use ICD codes for disease management either.  

It is expected that Canada will adopt ICD-11 by 2023, while other countries are expected 
to follow. One of the many reasons for estimating the cost and benefits for this transition is an 
understanding of the economic evaluation methodology to present to the countries who are 
contemplating the adoption of ICD-11. It is important to understand the pros and cons of a system 
overhaul before implementation. An economic evaluation also provides a perspective for the 
government and other respective institutions involved in the process to gauge the potential 
benefits, possible resource allocation and plan a budget. And this is the importance and uniqueness 
of this thesis. This thesis contains an extended and elaborate methodological framework for such 
an evaluation.  

The previous evaluation by Calgary Region for the estimation of costs was very simplistic. 
More over the business case had not tried to enumerate the benefits. This thesis provides an 
extensive method for the cost calculation, including the data sources which can be used.  

This thesis has used the original variables of productivity and cost of training, and included 
more variables such as Coding Support Units, Data Sharing (such as with Employees of 
government organizations such as Analytics at Alberta Health & Wellness, CIHI, Federal 
Government Vital Statistics Registry, finance department, researchers, etc.), Educational 
Institutions, Patient Quality and Safety, Infection Control, Business and Data Analysts, Project 
Managers, Accommodation and Facilities expenses and Data Quality Check Unit. The framework 
also includes Maintenance Cost, Quality Assurance Reports, Clinical Quality of Documentation, 
Coding Quality Support Teams, Orientation of New Hires and Reinforcement training after 
implementation under productivity losses in addition to the already accounted for coding 
productivity losses.  System Conversion costs include Software Vendors, Data Conversion Cost, 
Data Ware house, Data Dictionary and Decision Support Systems, Licensing fees, Health Payers, 
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Coding Automation, Privacy and Security Impact, Intelligent Medical Objects and other user costs 
(such as Analytics, CIHI, etc.), as well as secondary users:  
 
❖ Manitoba Center for Health Policy 
❖ Surgical Information Management System 
❖ HIS (Health Information System) 
❖ ADT (Admissions, Discharges and Transfers)  
❖ Grouper Software 
❖ Online courses 
 
Table 1 provides a detailed picture of what each category of cost entail and the possible differences 
in cost calculation for British Columbia, Alberta, Manitoba and Saskatchewan. 
 

Table 1: ICD Transition Cost Estimation Items and Variables: Framework for ICD-10 to ICD-11 
transition 

COST OF RE-
TRAINING 

Alberta Manitoba British 
Columbia 

Saskatchewan 

Equivalent Full-time 
Coders 

Number of full 
time coders in 
hospitals 
Number of 
retraining hours 
Hourly wage 

 Took 1 year to 
implement ICD 
10; 
100 to 200 
coders 
Coding system 
in place for 35 
hospitals 

One regional Health 
Authority 
Cost of retraining: 
119 full time coders, 
31 part time coders, 
17 analysts, 11 in e-
health, 7 in cancer, 16 
in health quality 
council 
38 in Saskatchewan, 
35 in Regina, 25 in 
other regions 

Coding Support Unit   Three health 
authorities: 
Fraser Health, 
Vancouver 
Coastal Health, 
PSA 

3 trainers, travel 
expense 
15 sessions of 2-day 
workshops: 13 
participants at each 
workshop 

End Users: Data 
Sharing 
(such as with 
Employees of 
government 
organizations such as 
Analytics at Alberta 
Health & Wellness, 
CIHI, Federal 
Government Vital 

Number of users 
Number of 
retraining hours 
Hourly wage 
Lost work-time 
 

 Nurse 
practitioners 
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COST OF RE-
TRAINING 

Alberta Manitoba British 
Columbia 

Saskatchewan 

Statistics Registry, 
finance department, 
researchers, etc.) 

Educational 
Institutions 

  Canadian 
Healthcare 
Institute 

Saskatoon 
Polytechnic: 
Trains 3 to 4 
instructors and 8 to 14 
graduates every 
second year 

Physicians/ Clinicians Number of 
physicians/ 
clinicians 
Number of 
retraining hours 
Hourly wage 
Lost work-time 

  Uses ICD 9 for 
physician claims; will 
consider using ICD 
11 

Patient Quality and 
Safety 

    

Infection Control     

Business and Data 
Analysts 

Number of 
analysts 
Number of 
retraining hours 
Hourly wage 
 

  Analysts currently use 
ICD-10 

Project Managers Number of 
managers 
Number of 
retraining hours 
Hourly wage 

 4 portfolios: one 
manager and 
coding director 
for each region 

 

Accommodation, 
Travel & Facilities 
expenses 

    

Data Quality Checks Number of people 
Number of 
retraining hours 
Hourly wage 

  E-Health 
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PRODUCTIVITY 
LOSSES 

Alberta Manitoba British 
Columbia 

Saskatchewan 

 Considering 
break-in period of 
3-6 months 

No matter how 
well trained the 
coders are, there 
is still a backlog 
of work. This 
might affect 
productivity even 
after a few years 
into ICD 11 
implementation 
and hence 
productivity loss 
may not be 
accurately 
estimated. 
 

Prenatal and 
Neonatal 
Database, 
National Rehab 
Data, Trauma, 
Cardiac, Home 
based Care. Data 
available from 
last 16 years. 
The province is 
creating a 
provincial 
productivity 
standard 
Should consider 
both short-term 
and long-term 
productivity 
losses 

The province did not 
go into adopting ICD 
10 as a province; each 
region was separate. 
By 2004 every region 
had adopted ICD 10. 
Regina was the last to 
adopt and caused 2 
extra years of lost 
productivity in 
Saskatchewan due to 
coding time lags in 
Regina. Lagged 
coding work was 
completed by contract 
coders during 
implementation. 
Ministry managed 
overtime costs 

Coders 
 

Time difference to 
code with ICD-11 
from ICD-10 
Number of 
hospital discharge 
patients/month 
Hourly wage 
Extra coder hours 
required for ICD-
11 

ICD 10 
implementation 
took 2 years. 
It took the 
province 9 
months for coders 
to get back to 
previous 
productivity 
levels. 

  

Physicians 
 
 

% of patient 
records not routine 
and need 
clarification of 
physician 
Physician time 
needed per record 
Number of 
discharge per 
month 
Combined cost 
physicians and 
coders 
Additional 
physician hours 
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PRODUCTIVITY 
LOSSES 

Alberta Manitoba British 
Columbia 

Saskatchewan 

Reinforcement 
training after 
implementation 

    

Maintenance Cost Hours of technical 
support needed to 
fix broken 
pathway 
(Validation and 
correction) 
Hourly wage 
Lost work time 

Folio for ICD 10 
is not working 
properly 

Implementation 
of ICD 11 may 
coincide with 
new fiscal year, 
which would 
result in the 
coders to work 
additional time 
to take care of 
backlog of data. 
Orientation and 
training of new 
hires would also 
cost the province 
time 

More time is required 
to convert data which 
takes away time from 
other projects 
The province hopes 
the algorithm/ 
conversion tables will 
work better this time 
 

Quality Assurance 
Report 

    

Clinical Quality of 
Documentation 

    

Coding Quality 
Support Teams 

    

Orientation of New 
Hires 

    

Other Users    Readers, scanners, 
windows systems 
may not support new 
programs. Technical 
educational programs 
may be necessary to 
teach professionals on 
how to use electronics 
such as computers 

 
COST OF SYSTEM 
CHANGES 

Alberta Manitoba British 
Columbia 

Saskatchewan 

  
 
 

The province has 
a centralized 
vendor but 
different regions 

Software 
updates are up to 
the individual 
organization 

Updates for 
Med2020, Folio, 
Encoder, 3M, SCM 
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COST OF SYSTEM 
CHANGES 

Alberta Manitoba British 
Columbia 

Saskatchewan 

have different 
contracts, which 
means cost 
estimations will 
be different for 
each health 
region 
 

for clinical 
documentation 
Physician Billing 
System 
Hospital Reciprocal 
Billing System. 
Current software 
capable to support 
ICD 11and updates 
were done during ICD 
9 implementation 

Software Vendors 
 

Estimated time of 
work 
Estimated total 
cost of designing 
and 
adapting/updating 
software 
 
 

 Should be 
divided into 
Coding and 
Abstracting 
Clinical 
information 
codes 
Intervention 
codes 

There are 3 software 
vendors for Med2020 
and e-health vendors 
for others 
 

Data Conversion Cost Possible to get an 
estimated amount 
from previous 
records 

   

Data Ware house, 
Data Dictionary and 
Decision Support 
Systems 

 Software is 
updated every 3 
to 5. The 
interviewees 
emphasized the 
need to update 
software and 
hardware to 
handle ICD 11 
data; For 
example, the 
Folio system 
software and 
Abstracting 
software 

  

Licensing fees     

Health Payers 
 

Cost of adapting 
the new codes and 
reprogramming 
logic 
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COST OF SYSTEM 
CHANGES 

Alberta Manitoba British 
Columbia 

Saskatchewan 

Impacted IT 
application 

Other Users (such as 
Analytics, CIHI, etc.) 
 
Secondary users: 
Manitoba Center for 
Health Policy 
Surgical Information 
Management System 
HIS 
ADT 
Grouper Software 
Online courses 

Impacted IT 
application cost 
 

   

Privacy and Security 
Impact 

    

Intelligent Medical 
Objects 

    

Coding Automation     

 
The table above shows implementation techniques, resources and methods will need to be 

different for the different provinces. This would likely entail very different costs of implementation 
of ICD-11. Some provinces may therefore have higher costs. For example, Manitoba mentioned 
requiring massive software updates compared to British Columbia, which is already very advanced 
in the usage of technology in healthcare. As the ICD-11 implementation moves forward, this thesis 
and the subsequent economic evaluations would provide substantial context into the 
implementation process of ICD-11 and the resource allocation required for Canada and other 
countries which will implement ICD-11 in the near future.  
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5 Recommendations for Sustaining and Enhancing the Big Data Revolution 

With data analytics entering the healthcare sector, it seems that the big data revolution is 
well underway. Bourgi et. al (2015) claim that the potential impact of big data can be measured. 
In the 21st century, the increased amount of data amassed can be analysed with greater efficiency 
and accuracy due to the higher performing computing power.  

Furthermore, despite the vast amount of data being collected and coded by health coders, 
there has been little impact of the data in research. Most of the data is sent to Canadian Institutes 
of Health Research to allow for decisions regarding funding allocation. However, there is great 
potential for this data to be used in active research involving trends of diseases, disease 
management, analysis and possible breakthroughs in technological advancements in healthcare. 

It is vital for the data to be organized in a manner which facilitates data analysts to glean 
information for analysis and evaluation. Enhanced monitoring of hospital activity, which may be 
necessary with newer forms of hospital funding such as activity-based funding, would require 
more information and an even better surveillance of data input from hospital operations which 
requires a strong data system. Given the results from the ICD case study, we find that the healthcare 
industry still has a lot to grasp on to with regards to efficient conveyance of data for research and 
activity-based funding.  

The usage of data analytics in healthcare has been slow, especially in the case of physicians 
using the data to inform them on their treatment decisions and usage of data analytics in hospital 
management and funding decisions. Moreover, many companies have not yet grasped onto the 
potential of existing data that they have collected. It is important that the momentum in the usage 
of data in healthcare is sustained in order to facilitate effective economic evaluation and research. 
Groves et al. (2013) encourages a collaborative environment between patients, pharmaceutical 
companies, researchers, health payers and drug manufacturers would be the most efficient way of 
ensuring this momentum. Below are a few ways this could be done: 

I. Healthcare providers such as physicians, clinicians and hospitals should strive to assess the 
trends in treatments which are best for patients, use the EMR data to reinforce their medical 
care for patients. Adopt care practices which capture data from embedded medical devices, 
mobile devices, etc. for added information. Participate and share information easily and 
securely for enhanced patient health outcomes. 

II. Information should be available in a centralized location, with standardized practices for 
sharing and using sensitive data securely. The Office of the Information and Privacy 
Commissioner of Alberta has planned actions to ensure the privacy of patient information 
and such approaches must be adopted by all the provinces in Canada. 

III. There should be a focus on balancing the cost and patient health outcomes, so that the value 
of big data is fully realized.  

IV. Manufacturers and pharmaceutical companies should try to keep abreast of patient demand 
and treatment data available to try to understand what works best. They should align the 
research and development approaches for product development to include data driven 
solutions.  
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V. If and when payment reforms occur, the payers should try to negotiate rates by leveraging 
data driven information from both health providers as well as from patients claims data. 
This would encourage health providers to use the data available to inform on patient 
demand, as well as analyse which treatments work best for certain kinds of diseases 
affecting patients. This would also incentivise better and clearer analytical methods for 
understanding treatment and drug performances. Payers should also try to partner with 
manufacturers and healthcare providers to understand whether costs for certain health 
conditions were lower than usual and assessing the trends which drive the costs.  

VI. Companies with data-based initiatives must strive to make concentrated efforts in pushing 
their products forward. This would entail hiring the best data scientists and business 
individuals who aim to ensure a data driven healthcare industry. Companies must also 
develop different big data capabilities which will ensure that businesses have the highest 
effect to take big data analytics to the next edge. (Groves, Kayyali, Knott & Kuiken, 2013).  
 
The above recommendations are just some simple guidelines which may help take the 

Canadian healthcare industry in becoming more integrated in using data analytics to drive patient’s 
healthcare outcomes, which would enable better and efficient economic research to make a 
positive impact on patients’ lives.  
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6 Conclusion  

Economic Evaluation is an important way of knowing whether a project is feasible to be 
implemented. The method identifies costs and benefits and outlines the various ways a project can 
be conducted to bring about efficiency. The evaluation report thus enables the businesses to plan 
a budget and operate in a timely manner.  

As data becomes more readily available, it would be easier to employ advanced statistical 
analysis for economic evaluation. The healthcare industry currently has a collection of raw data 
due to extensive chart recording practices throughout Canada. However, it still lacks the 
infrastructure and guidance for the proper utilization of the vast information. This thesis elaborates 
on the importance of efficient utilization of data to reap the benefits. The paper has used a case 
study on ICD-9 to ICD-10 transition to illustrate the extent of data utilization that is currently 
under way in Canada, what kind of data analytics the country lacks, the ways forward and the 
importance of economic evaluation in big data.  

The thesis provides a comprehensive guideline of the benefit and cost estimation 
methodology, including potential sources of data from DIMR data dictionary, in Appendix A. The 
methodology could not be completed as data for the years 2000 to 2003 is not available and 
construction of benefit scenarios have not been possible in the Canadian context. For the benefit 
calculation, a crude measure of estimation has been conducted using a data quality measure which 
depicts a higher number of published papers used ICD-10 codes compared to ICD-9 codes and 
thus making an argument that ICD-10 has better quality of data in terms of numbers of codes, 
specificity and ease of usage and understanding. However, this simple method of enumerating data 
quality has various pitfalls and cannot be taken as a standalone depiction for data quality.  

The paper also outlined the gradual movement towards the adoption of ICD-11, which is 
more advanced, contains more codes with higher specificity and is compatible to connect with 
previous systems of coding. A table outlines the variables ICD-11 transition study will look at and 
also includes the differences in cost estimation which have to be considered for provinces such as 
Manitoba, Alberta, Saskatchewan and British Columbia.  

Both payment reform and auto coding will change the cost estimations. As we move 
towards an era of information technology, it is important that data is available and accurately 
organized to facilitate evaluation. As experienced during the cost and benefit estimations case 
study, there is a considerable lack of data available for calculations. If data is not available due to 
ethical concerns or inadequate data structure, research into healthcare would be slow to 
materialize. Furthermore, government expenditure requires empirical evidence to be aligned with 
activity-based funding. It is evident that only accurate data analytics can ensure efficient allocation 
of resources for a better managed universal healthcare system for Canada.  

Given the advancements in technology and the recent strides being made towards a more 
data-oriented health system, it is of utmost importance that available and synthesized data is 
integrated into the healthcare sector, while enhancing the current momentum of data analytics.  
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Appendix A: Probable codes and data sources for estimating Cost and 
Benefits Variables for ICD-9 to ICD-10 transition 

Available codes from DIMR data dictionary 
Variables for Benefit 
Estimation 

Possible Data Sources 

1. Reduction in resource 
cost 

AHSDATA: a high-level grouping of clinically similar clinical 

Hospital funding on 
different disease types 

Resource intensity weight: values provide a measure of a patient's 
relative resource consumption compared to an average typical 
ambulatory care case 

Prevalence/ Occurrence 
of diseases: increase or 
decrease? 

  

Funding increased/ 
decreased? 

  

    

2. Gains in specificity AHSDATA 

Higher number of 
classification 

Code that identifies additional specificity for diagnosis codes. 

Newest procedures DAD: Code for service most responsible for caring for the patient 
during his/her hospital stay, determined by the most responsible 
diagnosis. 

  MPSERV: Code for service most responsible for caring for the 
patient during his/her hospital stay, determined by the most 
responsible diagnosis. 

  MPSUBSERV: Code that further defines types of patients treated 
within the main patient service 

    

3. Number of Patients 
sent back home earlier 

AHSDATA 

Length of stay: has it 
reduced after ICD 10 
coding? 

Total length of stay in minutes for the patient’s visit 

Number of hospital 
discharges 

DXCODE: ICD-10-CA diagnosis code that describes the 
diagnoses/conditions/problems/circumstances of the patient during 
the length of stay in the health care facility 

  ED Length for Admitted Patients in minutes 
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  Inpatient: Date and Time the patient physically left the ER and was 
moved to the inpatient unit or the OR or diagnostic area. 

  Total Length of Stay 

  Length of stay:  Difference in days between the admission date and 
the discharge date. 

 
  

4. Ambulatory care: 
NACRS info on 
emergency and outpatient 
visits (demographics, 
clinical, administrative, 
service-specific) 

AHSDATA; AMBARRIVAL_DTTM; AMBTRANSFR_DTTM; 
ARRIVE_TIME_SRC 

Faster service Date and time when ambulance pulls into hospital driveway 

Time required to reach 
patient 

  

    

5. Diabetes disease 
management 

  

Number of Patients 
identified 

ALT_INDIVIDUALIZED_AEDC_1011: Diabetes 

Reduction in Hb1Ac 
levels  

AB_POP_COST_UTL_DSP: Kidney Infections 

Other diseases due to 
high blood sugar: kidney 
problems, cataract? 

Kidney Malignancy 

  Kidney and Urinary Tract Stones 

  Kidney or Ureter Trauma 

    

6. Reduction in time 
required for coding 

*Unable to find relevant data source 

Number of hours saved 
due to disease 
management 

  

Remuneration of coders 
per hour 

  

    

7. Effective structure AHSDATA; DXCLUSTER 
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Has the use of 
combination codes 
increased?  

A problem cluster is an alpha character assigned to two or more valid 
ICD-10-CA diagnosis codes to indicate when more than one ICD-10-
CA code is required to describe a circumstance/condition 

    

8. Data Quality *Estimation conducted by enumerating published reports on 
PUBMED 

Number of published 
reports using coded data 
before and after ICD 10 

  

    

Variables for Cost 
Estimation 

Possible Data Sources 

1. Cost of Re-training AHSDATA 

Number of coder staff in 
Calgary 

CODER_NO: Coder number of staff that abstracted the data 

Cost of Re-training *estimation from Calgary Health Region Business Case Report 

Coding staff wages per 
hour 

  

Coding manager wages 
per hour 

  

Hours in a work day for 
each coder 

  

Number of retraining 
hours needed 

  

Retraining 
expenses/facility and 
travel expenses 

  

Number of facilities 
affected by ICD 
implementation 

  

Overtime charged   

    

2. Software provider fees *Unable to find relevant data source 
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Other Data Sources  
Other Data PROJFLD 

  AEDC015: Acute Mental Health Diagnoses 
 

ALL_AMB_COSTS: Ambulatory Care Costs, which combines all 3 ambulatory 
physician claims and AMBCOSTS after subtracting ED_UCC_COSTS_1011 
from AMBCOSTS. If this subtraction results in a negative number, the result is 
set to zero. This occurs because the methodology used to create the 
ED_UCC_COSTS_1011 differs from the one used to create the 
AMBCOST1011. 

Number of hours required 
to establish new software: 
affected productivity? 

  

    

3. Productivity estimates *performance appraisal and productivity reports yet to be received 

Extra hours required to 
complete task/ number of 
reports completed in a 
day before and after ICD 
transition 

  

    

4. Total number of weeks 
in retraining: 6 weeks to 6 
months 

*estimation from Calgary Health Region Business Case Report 

    

    

5. Maintenance cost *performance appraisal and productivity reports yet to be recieved 

Hours devoted to fix 
broken pathways  

  

Remuneration of coders   

    

6. Billing and 
administrative expenses 

*Unable to find relevant data source 

Time to evolve    

Cost of Integration   
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  ALT_PREM_ARRANGEMENT_1011: Alberta Health Care Insurance Plan 
Premium Payment Arrangement 

  AMBCOST1011: Each field used to collect codes as defined by CIHI or 
Province/Territory, or user defined 

  Ambulatory Care Costs (include hospital day procedures, ED/UCC, hospital 
clinics, and some stand-alone clinics costs) 

 
CIHI_IT_CATEGORY_CODE: Investigative technology includes CCI codes for 
interventions such as X-Ray, Ultrasound, CT Scan and MRI.  These codes are 
also used to define Direct Diagnostic Imaging CACS cells.  Categories of 
Investigative Technology.  Refer to worksheet 9 - Processed Data Codes for 
description of code values. 

  CRG_1011_METHOD_1: CRG Codes Produced according to DIMR Method 1 

  DC_AMB_OTHER_ALLIED_1011: Allied Professional Claims for Ambulatory 
Services 

  DC_AMB_OTHER_GP_1011: General Practitioners' (GP) Claims for 
Ambulatory Services 

  DC_AMB_OTHER_SPEC_1011: Specialists' (SP) Claims for Ambulatory 
Services 

  DC_COMMUNITY_ALLIED_1011: Community Allied Professional Claims 

  DC_COMMUNITY_GP_1011: Community GP Claims 

  DC_COMMUNITY_SPEC_1011: Community SP Claims 
 

VND_ANES_CATEGORY Vendor Anaesthetic Category: This data element is 
to be populated by the vendor assigned anaesthetic category value. When 
reported, the value will be compared against the CIHI assigned anaesthetic 
category value.  If they do not match, a warning message will be generated 

  IP_PSY_COST_1011: The Hospital Portion of Inpatient Care Costs Including 
Stand-alone Psychiatric Hospitals 

  LTC1011: LCT Clients Indicator if a patient had LTC costs recorded for 2010/11. 

  SCUHOURS: Hours calculated for time patient spent in a special care unit 

  CMG: The Code for case mix groups are designed to aggregate acute care 
inpatients that are similar clinically and in terms of resource use. 

  DXCODE: ICD-10-CA diagnosis code that describes the diagnoses/conditions of 
the patient during the length of stay in the health care facility 

  DXTYPE: Code that identifies most responsible diagnosis, any pre-admit or post-
admit comorbidity, secondary diagnosis, morphology, etc. 
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Appendix C: The RAND report 

A summary of the RAND report benefit estimation methodology 

The benefits had been calculated using a duration of 10 years. Since the USA has a 
privatized and insurance-based healthcare system, the value of new procedures and enhanced 
specificity which the ICD 10 system brought could be calculated in monetary terms such as a 
higher accuracy in payment procedures and reimbursement claims. Due to specificity and the 
addition of codes for newer medical procedures in ICD 10, it is possible to pay for different 
procedures differently instead of having to lump a few procedure payments together. Before ICD 
10, certain newer procedures were not performed on patients since they were classified into the 
wrong reimbursement categories. The opportunity cost of not doing certain procedures for patients 
as the procedures could not be coded under ICD 9 came to 750 million USD over a 10-year period. 
(Libicki & Brahmakulam, 2004). 

The second benefit was a calculation in terms of fewer miscoded claims. Coding errors are 
defined as the difference between actual code and the reported code. Due to the more logical 
sequence and standardized definition in ICD 10 codes, it is expected that the number of errors will 
be lower as coders became accustomed to the terms. A reduction in errors results in a reduction in 
erroneous claims sent back, and thus reduce the amount of work for payers. The benefits accrued 
to 500 million USD over a ten-year period. (Libicki & Brahmakulam, 2004). 

The third benefit was in terms of fewer improper claims which stems from the fact that 
more specific codes would result in fewer opportunity for fraud as there are less ‘gray’ areas. This 
resulted in a final amount of 250 million dollars. (Libicki & Brahmakulam, 2004). 

The fourth benefit is an understanding of the value of procedures. Physicians may use 
discharge statistics to look at which particular technique was used to treat a patient; these charts 
could be pulled out faster when specific codes are used. The value of procedures due to greater 
knowledge and efficiency resulted in benefits accruing to 800 million USD. (Libicki & 
Brahmakulam, 2004). 

Better disease management of diabetic patients is done by identifying a diabetic patient and 
placing the patient into a disease management program, which uses ICD codes as key variable. It 
is expected that as a patient goes through a disease management program, his/her quality of life 
improves. The final figure, after adjustments, amounted to 1.2 billion USD. (Libicki & 
Brahmakulam, 2004).  

Other benefits from ICD 10 implementation which the RAND report discussed are better 
understanding of health conditions and healthcare outcomes, enhanced ability to evaluate 
providers and timely intervention for emerging diseases. (Libicki & Brahmakulam, 2004). 
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Table 2: Cost Estimation in the RAND report; Source: The Costs and Benefits of Moving to the ICD-10 
Code Sets (2004) 

 
 

Table 3: Benefit estimation in the RAND report; Source: The Costs and Benefits of Moving to the ICD-
10 Code Sets (2004) 
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Table 4: Comparative Cost Estimation for ICD 9 to ICD 10 transition from the RAND report and 
ICD-10 Business Case 

 COSTS ESTIMATIONS FOR TRANSITIONING FROM ICD-9 TO ICD-10 

 RAND (USD $) ALBERTA HEALTH & CALGARY 
HEALTH REGION (CND $) 

Full-time Coders:  
Number of coders: 50 000 coders in hospitals. 
Number of retraining hours: 4-7 (8-hour ) days 
Hourly wage: $50 
Retraining Expenses: $500 
Lost work-time: 1 work week ($2000) 
 
 
 
 
Total cost of retraining: $2500 per coder 

Alberta Wide Training Costs Total Cost: $ 1 
568 915 
Alberta Health approved $4.1 million 
Pre and post training time for trainers, health 
record staff, data analysts 
 
$270 per day  
Hourly wage: $33.75  
Number of ICD-10-CA students: 1 968 
Number of retraining days: 5 504 
 
Total Average cost of retraining: $797 per 
code 

Part-time Coders: 
200 000 outpatient doctors’ offices 
Number of coders: 200 000 coders in hospitals. 
Number of retraining hours: 4-8 
Hourly wage: $50 
Retraining Expenses: $500 
Lost work-time: 8 hours ($400) 
 
Total cost of retraining: $900 per coder 

Calgary Health Region 
Number of ICD-10-CA students: 468 
Number of retraining days: 1077 
Hourly wage: $33.75 
Training facility costs: $5 850 
Customized “Windows” training costs: $2 625 
 
 
Total average cost of retraining: $ 693.62 per 
coder 

Code Users (Employees of payer 
organizations) 
Number of coders: 150 000 
Number of retraining hours: 4-8  
Hourly wage: $50 
Retraining Expenses: 
Lost work-time: 8 
 
Total cost of retraining: $900 per coder 

 

Physicians 
Total cost of retraining: 

 

PRODUCTIVITY LOSSES (Considering 
break-in period of 1-3 months) 

PRODUCTIVITY LOSSES (short term 
productivity) 
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Coders 
 
Time difference to code with ICD-10 from 
ICD-9: 1.7 minutes 
Number of hospital discharge patients/month: 
1.8 million 
Wage per hour: $50 
Extra coder hours required for ICD-10: 50 000  
Total of additional costs in first month: $2.5 
million 

Coding Services in Calgary Health Region 
 
Cost of productivity on Coding Services: $392 
320 
Space Impact on Corporate Data: $ 69 040 
 
 
 
 
Total impact cost: $461 360 

Physicians  
 
-10% of patient records not routine and need 
clarification of physician 
-Need 5 minutes of physician time per record 
 
Number of discharges per month: 1.8 million  
Combined cost physicians and coders: 
$200/hour 
Additional physician hours: 20 000 
Total cost for extra work: $ 4 million 

 

SYSTEM CHANGES SYSTEM CHANGES 

Providers 
Interviews from providers showed that little 
costs would be incurred from transition. 
Changeover estimated $1 per annual discharge. 

 
 
 

Software Vendors 
Information from 2 major vendors. Design to 
final testing is 3 years. 
10% of software labour force 
Time of work: 1-year  
Total cost of adapting software: $100 million 

 
 

Payers 
Cost of adapting larger field size and 
alphanumeric characters, and 
reprogramming logic: 
2/3 cost is expanding field size 
1/3 cost is adopting an updated code 
Group 1 4% of market: Rely on software 
vendor to adapt 
Group 2 12% of market: Invest 40% per client 
member 

Calgary Health Region 
 
3210 person-days effort 
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Group 3 3% of market: $1 per member 
investment 
  
Averaged total cost $100 million-$250 
million 

Impacted IT Application Estimates: $3 735 
406 

Medicare & Medicaid Services (CMS) 
Total contractors: 100 
Cost of policy change for contractors: 
Estimate: $25-$125 million 

 

Source: Losev, T. (2017). Developing a Cost Projection for ICD-11 Implementation in Canada. 
Unpublished manuscript.  
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Appendix D: Cost estimation of ICD-9 to ICD-10 transition by Calgary Health 

Region 

 
Figure 2: Calgary Health Region ICD-10 Cost Estimation Framework 

Cost impact for human resource had been assumed to be a one-time cost for training health 
record staff, as well as the increased coding hours required to code. Training time for trainers, 
health record staff and data analysts were set at $270 per day, while costs for additional attendants 
were set at $150 for half day and $370 for two-day sessions. Costs for classroom, accommodation, 
travel and meals were added. (ICD Business Case, 2001). 

Software vendors, Meditech, Phoenix, Cactus, Softworks and MediSolutions were contacted 
to provide bids for implementing the ICD 10 required software and maintenance.  

The IT costs for implementing ICD-10-CA/CCI in Alberta are focused on changes to: 
• Coding structure (code format and size) 
• Presentation format 
• Logic for report selection, summarization and management support systems 
• Data storage and transmission format 
• Abstracting rules 

The following types of systems were assessed: 
• Hospital and other health care facility abstract systems 
• Encoding software 
• Grouping software 
• Community oriented systems, such as mental health, home care and ambulatory care 
• Notifiable disease systems for sexually transmitted diseases, tuberculosis, etc. 
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Management support systems, including executive information systems and decision 
support systems are already in place or under development. (ICD Business Case, 2001). 
The following tables are the cost estimation results:  
 

Table 5: Summary of ICD-10-CA/CCI Training Requirements. Source: ICD-10-CA/CCI BUSINESS 
CASE. (2001, September 18) 

 Student 
Count 

Days of 
Effort 

Average 
Cost 

Total  Cost 

Health Record Trainers 4 60 $995 $14,500 

Health Record Staff & Data Analysts 79 711 $810 $240,680 

Other Users 306 306 $510 $45,900 

Project Management and Administration 
Costs 

   $15,060 

Training Facility Costs    $5,850 

Customized “Windows” Training Costs  79 6  $2,625 

GRAND TOTALS    $324,615 

 
Table 6: Impact on Productivity and Space Requirement Cost Estimates. Source: ICD-10-CA/CCI 

BUSINESS CASE. (2001, September 18). 

IMPACT COST 

Cost of productivity on Coding Services $392,320 

Space Impact on Corporate Data $69,040 

GRAND TOTAL $ $461,360 

 
Table 7: Summary of Calgary Health Region Costs and Efforts Estimates. Source: ICD-10-CA/CCI 

BUSINESS CASE. (2001, September 18). 

IMPACT COST 

Impacted IT Application Estimates $3,735,406 

Calgary Health Region Detailed Training Estimates $324,615 

Impact on Short Term Productivity & Space Impacts $461,360 

GRAND TOTAL  $4,521,381 
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Appendix E: Benefit Calculation Formulae Scenarios 

The benefit calculation for this thesis is based in part on the benefit estimation 
methodology as outlined in the RAND report. For example, the benefits of disease management 
via ICD codes may be illustrated with a resource savings due to a reduction in the number of 
diabetic patients placed in disease management programs. If there is a reduction in the number of 
diabetic patients after disease management and control, it is expected that there would be a 
reduction in the amount of resource required to treat diabetic patients, and hence that amount may 
be used elsewhere in healthcare funding allocation. This benefit can be calculated as follows: 

Formula 2: Simple formula for benefit estimation calculation for resources saved 

Total Benefit 
(CAD $) 

Estimation Method 

Z patients ICD10 
Number of patients identified by ICD 10 coded charts and placed in disease 
management groups  

Z patients ICD9 
Number of patients seeking diabetic treatment before ICD 10 was implemented 

Z patient cured 
Number of patients showing measurable reduction in Hb1Ac levels due to 
disease management in one year 

Z resource cost ICD9 
(Z patients ICD9 X Z resource use ICD-9 per patient) 

Z resource cost ICD10 
(Z resource use ICD-10 per patient X (Z patients ICD10 -Z patient cured)) 

Z resource cost saved (Z patients ICD9 X Z resource use ICD-9 per patient) - (Z resource use ICD-10 per patient X (Z patients ICD10 

- Z patient cured)) 

X denotes the multiplication sign. 

Here, Z denotes the resource cost of providing treatment to diabetic patients.  
If the value for Z resource cost saved is positive, then we can conclude that there has been a 

reduction in the resources used to treat diabetic patients in the span of one year as the number of 
diabetic patients has fallen due to being placed in disease management groups. Unfortunately, in 
Canada, ICD codes are not used to aid the physicians in administering healthcare for improved 
patient outcomes by placing patients in disease management groups. 

If physicians evaluate the ICD coded charts after a patient has left a hospital, they may 
identify which medicines and treatment work better for a certain patient with certain characteristics 
and ailments. This might result in a pattern which would make it faster and easier for physicians 
to provide treatment. Thus, resulting in earlier discharges of patients. This would also entail an 
efficient use of data analytics in healthcare.  
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Formula 3: Simple formula for benefit estimation calculation for amount saved in hospital 
resources 

Total Benefit (CAD $) Estimation Method 
D patients ICD 9 Number of patients discharged under system using 

ICD 9 codes 
D patients ICD10 Number of patients discharged under system using 

ICD 10 codes 
D standard number days The average number of days a patient stays in a 

hospital 
D days saved ICD 9 D patients ICD 9 - D standard number days ICD9 
D days saved ICD 10 D patients ICD 10 - D standard number days ICD10 
D increase in days saved D days saved ICD 10 - D days saved ICD 9 
Total amount saved in hospital resources D increase in days saved X Cost of each night/patient 

X denotes the multiplication sign. 

Here, D denotes the number of patients discharged.  
This calculation can be done using one-year discharge data under each coding system. If 

the total amount saved in hospital resources is positive, we can say that there has been a net benefit 
since patients have been discharged early due to the increased efficiency and faster treatment via 
reviewing of charts and codes by physicians. 

An increase in ambulatory care due to faster service may be the result of better hospital 
management due to the use of ICD 10 codes. This is because it is expected that ICD 10 uses a 
better structure and includes the newest procedures, which means that paramedics can pull up 
information related to every procedure and provide the best treatment available based on data 
analytics. Hence, there would be a decrease in the backlog of cases. This may be measured using 
the following formula:  

Formula 4: Simple formula for benefit estimation calculation for amount saved in wages due to 
time saved in providing treatment for each patient 

Total Benefit (CAD $) Estimation Method 
T treatment for patient using ICD9 Time in minutes required to provide treatment to 

patient under system using ICD 9 codes 
T treatment for patient using ICD10 Time in minutes required to provide treatment to 

patient under system using ICD 10 codes 
T saved T treatment for patient using ICD9 - T treatment for patient using ICD10 
Total amount saved in remuneration T saved X paramedic’s wages/hour 

X denotes the multiplication sign. 

Here, T denotes the time in minutes. This estimation calculation can be done over a one-
year duration.  

If T saved is positive, and this number is multiplied with the wages paramedics receive per 
hour, we will end up with an estimate in terms of CAD dollars which will show the resources saved 
from a hospital’s or the government’s budget in wages. This amount may be utilized in other areas 
of healthcare.  
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Formula 5: Simple formula for benefit estimation showing the increase in number of patients 
treated per day 

N number of patients treated using ICD9 Number of patients treated per day under system 
using ICD 9 codes 

N number of patients treated using ICD10 Number of patients treated per day under system 
using ICD 10 codes 

N increase N number of patients treated using ICD10 - N number of patients treated 

using ICD9 
X denotes the multiplication sign. 

Here, N denotes the number of patients treated per day. If N increase is positive, although this 
is not a dollar amount, we may still conclude that there is a benefit arising from the increased 
number of patients being given treatment on a particular day, due to better hospital management 
using ICD codes.  

Challenges in Adopting the Benefit Estimation Methodology 

One similar estimation scenario which may be adopted from the RAND model is the 
benefit arising from a reduction in diabetic patients due to better disease management, and hence, 
a saving of resources therein. The formula for calculating this benefit is explained in formula 2, 
above. Although this estimate is good to be thought of as benefit measure in theory, it may not be 
as easy to implement these measures in practice. The main impediment for estimation of gains 
from better disease management is the unfortunate practise of physicians not using the coded data 
to inform on patients’ diagnoses.  

Formulae 3, 4 and 5 provide benefit estimations for amount saved in hospital resources, 
amount saved in wages due to time saved in providing treatment for each patient and the benefit 
estimation showing the increase in number of patients treated per day. All three of these formulae 
have to be adjusted for inflation. Moreover, there could be various pitfalls related to these 
estimation methods; for formula 3, the number of patients discharged earlier could be due to faster 
recovery of patients instead of due to hospital management using ICD-10 coding system. Similarly, 
other factors may contribute to faster service in ambulatory care and thus cause the increase in the 
number of patients cared for in the time frame after ICD-10 implementation. In addition, the 
current Canadian healthcare system does not use ICD codes for hospital management and data 
analytics for healthcare delivery, which is a vital assumption for the estimation methods described 
above. 

Hence, it is very difficult to exactly and accurately assign dollar values to benefits arising 
from ICD-10 implementation. Moreover, data for the variables such as number of patients treated 
in a day, time in minutes required to provide treatment to patient, number of patients discharged, 
cost of each night/patient, minutes required to code a chart using ICD-9 and ICD-10 codes, number 
of patients showing measurable reduction in Hb1Ac levels due to disease management, number of 
patients identified by ICD-10 coded charts and placed in disease management groups, are not 
available for the years 2002 and 2003. Hence, it is not possible to calculate the monetary benefits 
of ICD-10 implementation. The information for the above variables is also difficult to collect for 
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ICD-10 to ICD-11 transition. As a result, the only possible benefit calculation which may be 
completed is to look at whether there has been an increase in data quantity and quality after ICD-
10 implementation. 
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