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>	 INTRODUCTION
To maximize the healthcare value it generates, the Sir Mortimer B. Davis Jewish General Hospital investigated the appropriateness 

of performing hospital enterprise optimization by using a linear programming based analytics model to make decisions about 

patient inflow into its Emergency Department, its cancer treatment center, and its surgery programs.

To help others benefit from the results of this work, this paper describes the project. It starts by describing the hospital,  

and the needs the hospital wanted to address with the project. It next discusses how the abstract goal of maximizing 

healthcare value the hospital generates was translated into a linear programming model. The paper then discusses the data 

needed for the model, how it was collected, and the issues that arose while trying to collect it. The paper also discusses the 

potential and realized benefits of the modeling at the hospital level and at the community level, in both government funded and 

non-government funded healthcare environments. The paper concludes by suggesting future work to further take advantage 

of the modeling possibilities.

>	 PROJECT MOTIVATION
The Sir Mortimer B. Davis Jewish General Hospital, located in Montreal, Quebec, is a full service university affiliated medical 

center that operates 537 beds and provides a broad range of inpatient and outpatient services. It has major tertiary and 

quaternary cardiovascular, neuroscience, oncology (including robotic surgery) and colorectal programs. Its surgeons perform 

12,000 13,000 operative procedures each year, it admits more than 20,000 patients each year, and the Emergency Department 

(ED) discussed in this paper was seeing more than 60,000 patients each year before a new ED was opened in February 2014.

To a certain extent, the hospital has become a victim of its own success. That success includes improving flow through its ED 

to the extent that public knowledge of that improvement resulted in further increasing the flow into the ED, to the point that it 

has by far the largest patient visit rate of any ED in Quebec. Likewise, the hospital’s Segal Centre has become so well known 

for its cancer research and treatment activities that more than half of its patients are from outside the hospital’s catchment, 

even when those patients are otherwise readily treatable in a hospital closer to 

their homes.

This increase in incoming patient flows has not been matched with corresponding 

increases in government funding. This has led to the hospital needing and trying 

to maximize the healthcare value generated with its budget, without decreasing 

access to care or decreasing its quality of care.

Doing this maximization is challenging, particularly because of the complex 

interactions between patient flows in the different areas of the hospital, and because 

of the interactions between those flows and the use of limited hospital resources, including funding. As can be seen in  

Figure 1, patients flowing into the ED sometimes subsequently flow into inpatient units, and patients 

Figure 1 Sample Interactions between 
flows and resource consumption
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flowing into the cancer center sometimes subsequently flow into the OR or into inpatient units. Likewise, patient stays in the ED 

and the inpatient units lead to the consumption of pharmacy, lab, radiology and nutrition resources, and treatment of cancer 

patients consumes pharmacy, lab, radiology and radiation oncology resources.

To determine if the use of a large scale mathematical model of patient flow and resource consumption could help the hospital 

increase the healthcare value it generates without decreasing access to care or quality of care, the hospital initiated a proof of 

concept modeling project staffed by personnel from CGI, River Logic and Troy Ware. This modeling effort was needed because 

the hospital did not otherwise have means to evaluate how patient flows and resource consumption in one area of the hospital 

would affect patient flow in other areas. The hospital also initiated an analysis/evaluation of all of its programs with respect to 

their value to community, efficiency, patient orientation, and fit to the hospital’s strategic goals.

>	 THE MODEL
Modeling Needs
To address the maximization problem briefly described above, 

the hospital needed a model that included patient flows into the 

ED, inpatient units, one day surgery and oncology departments. 

Because of the interrelatedness of all hospital departments,  

the model needed to relate incoming patient flows to flows 

to other parts of the hospital and to resource consumption, 

including budget, within the hospital. The model also needed to 

relate flows to healthcare output so as to maximize the healthcare 

value generated by the hospital. It was decided in advance that 

the modeling effort would focus on aggregate planning for a one 

year cycle so that the hospital could use the model to identify 

tactical rather than operational opportunities.

Modeling Approach 
In context of that decision, it was possible to use simple linear constraint equations to approximately model the 

interrelationships between patient flows in the different areas of the hospital to resource consumption in the hospital. 

This made it possible to model the problem using a linear programming capability. The particular linear programming 

capability used for the project was River Logic’s Enterprise Optimizer (EO). Without getting into the details of EO, one of 

its capabilities is that it uses a diagram to specify the nature of the relationships between flows and resources, instead of 

requiring analysts to formulate constraint equations. It then determines the equations, and the data needed to support these 

equations, from that diagram.

Figure 2 JGH Enterprise Optimizer® Model
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Model Variables 
A critical part of building the model to meet the hospital’s needs was determining the model’s variables. Given that the model 

was oriented around patient inflows, the values of the decision variables were the quantities of the different groups of patient 

inflows into the hospital. These different patient inflow groups were determined based on improvement scenarios, found in 

Table 1, suggested by hospital clinicians. For the ED the resulting patient inflow groups that were used were:

•	 Divertable Non Admitted Nursing Home Patients (DNANHP)

•	 Divertable Medical Admission Nursing Home Patients (DMANHP)

•	 Divertable Segal Centre Patients (DSCP)

•	 Fast Track Patients (FTP)

•	 Frequent Flyer Patients (FFP)

•	 Other Patients (OP)

Scenario What if Impact on Access, Quality and Cost

Discharge 
Improvement

Can FSA days (waiting for nursing home placement) be reduced?

Will LOS be reduced for a specific cohort of patients?

Will making beds available reduce blocking in the ED?

Bed Turnover 
Process 
Improvement

Will reducing bed turn over time result in increased bed availability?

Will beds become available sooner in the day?

Will there be a reduction in ED, PACU, OR blocking?

Outreach to 
Nursing Facilities

Can we reduce admissions in the ED and hospital and keep patients healthier?

Will beds become available and reduce blocking of other services?

Outreach for ED 
“Frequent Fliers”

If we keep FF out of the ED can we reduce hospital admits and keep patients healthier?

Will ED load be reduced?

Will there be a reduction in blocking?

Table 1 Clinician Suggested Improvement Scenarios
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Patient inflows for inpatient units and surgery were grouped by Diagnosis Related Groups (DRGs), while 

patient inflows for the cancer center were grouped by a combination of their morphology and topography.  

Both types of grouping were problematic in that inpatient unit inflow groupings should most likely have included 

severity or co-morbidity classifiers, and the cancer center inpatient flow groupings should most likely have also 

included more information as to the type of treatment needed, which is often a function of patient genetics 

rather than just the type of cancer.

Model Objective Functions 
Different objective functions were tried. The first of those, used with minimum patient inflow and outflow constraints (to ensure 

that all patients were fully treated), was to minimize costs. This resulted in the model identifying budget changes that would 

result from each of the clinician suggested scenarios.

A switch was then made to an objective function that maximized activity volumes, while retaining the budget, patient 

volume, and quality constraints. To do so, weightings were assigned to additional elective procedure volumes of 

both day surgery and inpatient surgery patient groupings. These weightings were seen as a proxy for an “access” 

metric and could be adjusted to meet strategic goals, such as reducing wait times for specific procedures,  

or preferring procedures that the JGH has a particular skill for. The model was only allowed to choose from volumes 

of procedures for which there would be demand, either from the current catchment area or by absorbing volume from 

competing area hospitals.

By treating the objective function this way it became possible to answer the question as to how many additional patients 

could be treated with the same budget. This demonstrated that the model could be used to demonstrate budget reductions, 

improvements in access, or a combination of budget reductions and improvements in access.
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>	 MODEL DATA
For the parts of the hospital that were modeled, the following types of data were needed by patient groupings:

•	 Annual volumes

•	 Processess

•	 Resources/interventions needed/performed for each process

•	 Disposition for each group

•	 Mappings between patient groupings and processes, and to resources and interventions

•	 Mappings between patient grouping and processes to resources and interventions

For the ED, this necessitated collecting the data for which samples are displayed in tables 2, 3, 4, and 5. For the other areas 

of the hospital similar tables were needed, though the volume table was only needed for areas through which patients entered 

the hospital.

To collect the data, a preliminary data requirements document was prepared and used as a starting point for requesting 

data for a 15 month period spanning January 1, 2013 through March 31, 2014. As the hospital opened a new ED in  

February, 2014, in most cases only the first 12 months of data was used to ensure a full year’s worth of data with the same ED.  

Data was initially requested and mostly received from the hospital’s information management team, though in some cases it 

was necessary to go to other sources inside the hospital as either that team did not have access to that data, or they did not 

know how the data was organized.

Several issues arose while collecting the data. The most difficult of these included:

•	 Difficulty, particularly with cancer patients, determining when treatment episodes began and ended. This difficulty arose 
because individual patients occasionally had more than one cancer.

•	 Obtaining meaningful cost data for almost every type of service provided by the hospital as the hospital tracks costs  
departmentally rather than on an activity basis.

•	 Getting the appropriate individuals to provide the data.
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>	 MODEL BENEFITS
Immediate Benefits To Hospital 
The first and most obvious benefit of the modeling was the ability to determine the extent to which clinician suggested 

scenarios would impact the hospital. This analysis included an assessment as to whether the data needed to support the 

scenario was available, whether or not the hospital would be able to implement the scenario, and the impact of the scenario 

on the hospital. The results of that analysis are displayed in Table 6.

A secondary result of the analysis was identification of the need for off-service beds. Keeping in mind that the analysis was 

an aggregate analysis across a year, it would have been expected that the need, aggregated across a whole year, to use 

beds for off-service patients would be relatively low but was instead found to be fairly high. (See Table 7.) Given that the use 

of off-service beds is likely to increase costs by using more expensive intensive care than needed, or decrease quality of care 

by using less specialized or less intensive care than needed, this suggests either the hospital reallocate beds to the different 

services or when possible adjust the number of patients admitted to each service.

Table 2 Sample ED interventions with 
unknown costs

Table 3 Sample mean ED interventions per visit by 
patient visit groupings and ED destination

Table 4 Sample ED arrival rates by patient 
visit groupings

Table 5 Sample ED process characteristics by patients 
visit groupings and ED destinations (transposed)
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Potential Benefits To Hospital 
As briefly mentioned earlier, in parallel to the modeling effort, the hospital had simultaneously initiated an analysis/

evaluation of all of its programs with respect to their value to the 

community, their efficiency, their patient orientation, and their fit to the 

hospital’s strategic goals. When completed, the result of that effort is  

to include a set of scores for each program, which could be used as 

objective function coefficients for optimizing the model subject to budget 

and other resource constraints. To facilitate hospital optimization,  

these scores could be weighted as to their importance, or instead a 

multi-dimensional efficiency frontier could be determined using them. 

The potential result of this analysis would be the selection, in a process 

very similar to that used by Data Envelopment Analysis, of programs 

and program operating levels that would maximize the hospital’s outputs 

subject to its resource and budget constraints.

Potential Benefits To The Community 
A much greater benefit of using the model could come from extending 

it to the group of healthcare institutions that would be integrated by 

a bill currently being discussed by the Quebec government. Given 

the governing party’s majority in the Quebec National Assembly, it is 

extremely likely that the bill will be passed. When it does it is likely to become possible for the executive director of 

the integrated set of institutions, which will include the Jewish General 

Hospital, to specify the levels of each type of service to be performed in 

each of the institutions. At that time, an extended version of the model 

could be used to more effectively allocate and balance these services in 

context of either providing, in a cost effective manner, all health services 

needed by individuals living in the region’s catchment, or of maximizing 

the healthcare provided to those individuals.

Potential Benefits To For Profit 
Healthcare Systems
While the current project applied optimization to a publicly-funded 

healthcare system, the underlying approach used in modeling could also be used for profit-oriented healthcare systems, 

either by strictly maximizing profit or maximizing a combination of profit and healthcare.

Table 6 Analysis results 
(red = stop, yellow = caution green = go)

Table 7 Off unit patient bed usage
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>	 FUTURE WORK 
During the proof of concept project, several potential actions to enhance application of the model were identified.  

These include:

•	 Episode Identification: When patients flow into the hospital, they often do so needing care that either started before or after 
their particular visit to or stay at the hospital. To make more effective decisions using the model it is necessary to accurately 
identify the whole scope of each episode of care. While doing this would require a centralized episode identification system, 
in addition to being of use for individual healthcare institutions, such a system would be of even more benefit when optimizing 
care across integrated institutions.

•	 Time Driven Activity Based Cost Data: For the current analysis, an analysis similar to that of activity based costing was 
performed to approximately allocated departmental costs to individual groups of patients. While this provided the project team 
with initial data for the analysis, a much better approach would be to use Time Driven Activity Based Costing, as it better 
reflects the actual time needed for each activity, which in turn would identify areas of the hospital where resource utilization 
is less than reasonable.Improving the flow groupings into inpatient units, which reflect the severity of their diagnoses and the 
resources required for their care.

•	 Evaluate the use of more physicians in the ED: In Quebec, physician fees for services in the hospital are paid for directly by 
the government, rather than by hospitals. As such it is not incentive compatible for ED physicians to work at less than 100% 
utilization levels as doing so reduces their earnings per hour. Consequently it seems likely that patient stays in the ED are 
extended because of increased waiting due to high utilization of physicians. This suggests the potential benefit of evaluating 
the reduction in costs, obtained by the reduction in patient waiting, that would be achieved by the use of more physicians in 
the ED.

•	 Improving the grouping of flows into inpatient units to reflect the severity of their diagnoses and the resources equired for  
their care.

•	 Improving the grouping of cancer patients to better reflect the resources required for their treatment.

•	 Analysis of the non-linear benefits of reducing patient length of stay in the ED: Particularly for older patients, long length 
of stays in the ED can result in severely reduced patient mobility as care in the ED is generally not oriented towards keeping 
these patients mobile. This in turn can result in the need for mobility rehabilitation for those patients after their hospital stays 
are complete. This suggests the potential benefit of evaluating programs to further reduce the length of stay in the ED of older 
patients not only in reducing ED costs, but in also reducing the system wide costs, including rehabilitation costs, of those 
patients.
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>	 BIOGRAPHICAL SKETCH
Philip M. Troy, Ph.D.

Dr. Troy is a quantitative healthcare process and decision support systems consultant for 

Les Entreprises TroyWare in Montreal, Quebec. He earned a Bachelor of Science degree 

in Engineering Science and a Master of Science degree in Quantitative Business Analysis 

at The Pennsylvania State University, and a doctorate in Operations Research from Yale 

University. His analytical skills include queuing theory, Monte Carlo Simulation (including 

discrete event simulation), optimization, systems analysis, and software development. 

Dr. Troy focuses his efforts on analyzing, simulating and making recommendations for 

improving healthcare processes. Past efforts include an analysis of the surgical beds 

needed for an Intensive Care Unit, the development of a simulation based optimization 

model for a proposed presurgery screening clinic, the development (in progress) of an 

enterprise simulation model of a hospital’s peri-operative processes, and the development of a touch screen-based data 

collection tool for a Post Anesthesia Care Unit. 

Dr. Troy has presented his work at the Winter Simulation Conference, the Mayo Clinic on Systems Engineering and Operations 

Research in Health Care, the Central Surgical Association, the International Workshop On Healthcare In Operations 

Management, and the Society For Health Systems Conference; he has also published articles in Surgery and in the Journal of 

Revenue and Pricing Management.

Aaron Berg, Vice President of Consulting Services - River Logic
Aaron Berg, VP of Consulting Services, and his team work closely with River Logic’s partners and customers to sustain 

value and long-term success of solutions and projects, based on our award-winning technologies. Aaron has over 20 years’ 

experience leveraging technology to solve business problems, including over 50 

client engagements in manufacturing, consumer packaged goods, healthcare, forest 

products, metals and mining.

Aaron was the original Product Manager for River Logic’s Enterprise Optimizer 

(EO) products, and has been an integral part of both the product evolution and the 

market growth. Aaron has also taught business modeling and decision techniques to 

several hundred management consultants, including firms such as PriceWaterhouse 

Coopers, SAIC and more across the U.S. and Europe. He also lectures MBA students 

through Virginia Commonwealth University’s Executive MBA program. Aaron holds an 

undergraduate degree in Electrical Engineering from MIT.
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Lawrence Rosenberg, M.D., Ph.D. - JGZ 

Dr. Lawrence Rosenberg was appointed Executive Director of the Jewish General Hospital in November 2013.

At McGill University, Dr. Rosenberg is Professor of Surgery. He has extensive experience 

as a clinician-scientist, educator, and consultant in the area of islet cell regeneration. 

Since joining the JGH in 2007 as Chief of Surgical Services, Dr. Rosenberg was 

instrumental in the development of many innovative partnerships and programs to 

improve the quality of surgical care. Transformational Change, introduced under his 

leadership in 2011, has inspired staff to develop projects that significantly increase 

operational efficiency and reduce waste hospital-wide, thereby saving funds which can 

be used for patient care.

Dr. Rosenberg received his medical degree from McGill, where he completed specialty 

training in general surgery. He holds a Master of Science degree and a doctorate in 

experimental surgery from McGill and he completed post-doctoral studies and a surgical fellowship in transplantation at the 

University of Michigan. He also received a Master of Engineering degree from the University of Waterloo, concentrating on 

knowledge management and innovation.

Dr. Rosenberg served as Director of the Multi-Organ Transplant Program at the Montreal General Hospital, inaugurating 

McGill’s Pancreas Transplant Program and leading the team that performed the first successful liver transplant at McGill. He is 

the only Canadian to have received the prestigious American Surgical Association Foundation Fellowship.

Julie Richards, Director of Client Solutions - CGI
Julie Richards is the CGI Director of client solutions for business intelligence & analytics, claims, health information exchange 

and fraud, waste & abuse for healthcare payers and providers. She is an International 

Health Information and Management Professional with over 25 years’ experience in 

healthcare information, standards and patient care at the executive, strategy, policy 

and technical levels. Julie leads strategies and services for the health information and 

interoperability standards and clinical information solutions and has managed the 

quality improvement of national health information reporting systems and the national 

implementation of ICD-10. 

Julie has previously held roles at Canada Health Infoway, Canadian Institute for Health 

Information and Mount Sinai Hospital in Toronto. She holds Bachelor of Science 

degrees in both Geology and Computer Science and a Master of Science in Health 

Administration.



>	 ABOUT CGI
Founded in 1976, CGI is one of the largest IT and business process services providers in the world. We combine innovative services 

and solutions with a disciplined delivery approach that has resulted in an industry-leading track record of delivering 95% of projects 

on time and within budget. Our global reach, combined with our proximity model of serving clients from 400 locations worldwide, 

provides the scale and immediacy required to rapidly respond to client needs. Our business consulting, systems integration and 

managed services help clients leverage current investments while adopting technology and business strategies that achieve top 

and bottom line results. As a demonstration of our commitment, our client satisfaction score consistently measures 9 out of 10.  

Visit cgi.com for more information. 

Find us on social media 

>	 ABOUT RIVER LOGIC
Founded in 2000, River Logic is a privately held technology firm with a mission to establish Cloud Based Prescriptive Analytics 

(optimization) as the leading scientific approach to business planning and decision support. Its focus is on helping customers 

and business partners increase their performance, decision-making agility and ability to predict business outcomes through 

Enterprise OptimizationTM. River Logic provides a prescriptive analytics platform, Enterprise Optimizer®, on a service-oriented 

architecture that supports SaaS and on-premise deployments. This is complemented by an Integrated Business Planning 

application that is built on top of the platform which simplifies customer adoption of the solution and process into their 

business. This solution enables the ability to create an integrated model of an enterprise (including multi-enterprise), optimize 

decision points associated with an Integrated Business Planning process and prescribe a set of play books for execution. For 

a demo of River Logic’s Enterprise Optimizer, please email Sales@RiverLogic.com or call 866.325.0171.

Find us on social media 

Learn more at RiverLogic.com
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