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In the matter of the Public Inquiry into the Safety and Security of Residents in the Long-Term
Care Homes System, pursuant to the Order in Council 1549/2017 and the Public Inquiries Act,

2009

Affidavit of Dr. Michael Hillmer

I, Dr. Michael Hillmer, of the City of Toronto, in the Province of Ontario, SOLEMNLY
AFFIRM AND SAY:

1. I am the Executive Director of Information Management, Data and Analytics ("IMDA")

within the Health System Information Management Division (the "HSIM Division") of the

Ministry of Health and Long-term Care (the "Ministry"). I affirm this Affidavit as part of my

evidence to the Public Inquiry into the Safety and Security of Residents in the Long-Term Care

Homes System (the "Inquiry") on the work of the HSIM Division after Elizabeth Wettlaufer

confessed to the Offences. I have knowledge of the information contained in this Affidavit.

My Training and Experience

2. I obtained a PhD from the University of Toronto in 2007 with a specialization in clinical

epidemiology. I have worked for the Ministry since that time. A copy of my curriculum vitae

(LTCI00072898) is attached as Exhibit A.

3. I was initially employed as the Manager of the Chronic Disease Unit, which was a policy

role wherein I was tasked with creating a chronic disease strategy. After five years, I was

promoted to Director of the System Policy and Strategy Branch and, after a short duration, was

transferred to become the Director of the Research, Analysis and Evaluation Branch. In that

role, which I held for two and a half years, my responsibilities included conducting economic

analyses, program evaluations, literature reviews, and funding research studies.
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4. I have held my present position as Executive Director of Information Management, Data

and Analytics within the HSIM Division since March 2016.

Structure and Function of the HSIM Division

5. The purpose of the HSIM Division is to obtain and analyze health data to improve

decision making. The HSIM Division is not tasked with implementing or executing on its

analysis — generally, research or projects are undertaken with a partner (for example, another

department within government), which implements the results of the work.

6. The HSIM Division has recently undergone a structural Change, and is now comprised of

four branches:

(a) Health Data Branch, which collects, standardizes and distributes data and reports

to a range of entities (ex. Ministry users, hospitals, long-term care homes ("LTC

Homes"), provincial agencies, researchers, media, police, regulatory colleges,

etc);

(b) Health Analytics and Insights Branch (formerly called the Health Analytics

Branch), which is tasked with helping to describe the health status of the

population, patient journeys, care utilization patterns, cost of healthcare services,

and the performance of the healthcare system. This information is used for

planning, system design, and operational, accountability and/or performance

monitoring purposes;

(c) Information Management, Strategy and Policy Branch, which is tasked with

overseeing the Province's health privacy legislation (Personal Health Information
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Protection Act) and providing privacy and information management advice and

consultation for the Ministry; and

(d) Health Data Sciences Branch (which is a new entity), which is tasked with

developing models and machine learning / artificial intelligence applications to

predict, simulate and forecast, with the goal of producing actionable insights and

automating routine processes.

Health Data Utilized by the HSIM Division

7. The health data used by the HSIM Division are collected from several sources, including:

(a) information on physician services obtained via claims physicians submit to the

Ministry directly for payment (i.e. through the Ontario Health Insurance Plan

("OHIP") billing system);

(b) information on medications obtained via claims for filled prescriptions submitted

by pharmacies to the Ministry for payment;

(c) Canadian Institute for Health Information ("CIHI" — described below); and

(d) the Registered Persons Database, which contains demographic information of

each individual eligible for healthcare services in the Province and their OHIP

number.

8. CIHI is a federal agency that obtains data from hospitals (including mental health and

rehabilitation hospitals), LTC Homes, and complex continuing care facilities on a weekly basis.

The HSIM Division then obtains quarterly compilations of that data. CIHI has established

national standards for institutional data collection to be used by those health entities, which is
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then made available to stakeholders at the organizational level (for quality improvement

activities, program planning and resource allocation), as well as at the systems level (to analyze

and compare health data across regions and provinces).

9. From LTC Homes, the information supplied to CIHI is generally obtained through the

completion of the interRAl clinical assessment instruments (the Resident Assessment Instrument

— Minimum Data Set) ("RAI-MDS instruments") by care providers at the LTC Home.

Standardized assessment instruments, such as those created by interRAl, enable the structured

recording of information about an individual, which can be aggregated to show changes in the

status of both individuals and larger populations over time.

10. InterRAI is a global non-profit network of researchers and practitioners in over 35

countries that creates and continually researches the validity of its clinical assessment

instruments. The main purpose of the interRAl assessment instruments is as clinical tools, which

depict an individual's functional status and can be used to generate a care plan for that resident.

The routine and ongoing use of the interRAl assessment instruments permits the aggregation of

data from routine clinical practice, which can in turn be utilized by policy makers and service

providers for research, planning and policy purposes. InterRAI assessment instruments have

been developed for numerous care settings, including: acute care, post-acute care, community

health, home (community) care, LTC Homes, and assisted living, among others.

11. In Ontario, implementation of the interRAl RAI-MDS instruments in LTC Homes was

initiated in June 2005, with the goal of improving care to residents in LTC Homes by

standardizing the assessment and care planning process. The Ministry enters into Performance

Agreements with the Local Health Integration Networks ("LHINs"), known as the Ministry-
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LHIN Performance Agreement, to establish their respective performance obligations. These

include the requirements that:

(a) the Ministry develop, maintain and support health data standards, and

communicate health data reporting requirements and standards to the LHIN and

health service providers; and

(b) the LHIN require health service providers (such as LTC Homes) to submit data

and information as required by the Ministry, CIHI, and other third parties.

By way of example, the Ministry and South West LHIN Performance Agreement, 2013-2015,

dated April 1, 2013 (LTCI00055181) 1 is attached as Exhibit B.

12. The LHINs, in turn, enter into Long-Term Care Home Service Accountability

Agreements ("LSAAs") with LTC Homes, which require the LTC Homes to conduct the RAI-

MDS assessments of residents and submit the information to CIHI at least quarterly. By way of

example, the South West LHIN and Caressant Care Woodstock LSAA, April 1, 2013-March 31,

2016 (LTCI00055279) 2 is attached as Exhibit C.

13. Generally, my understanding is that the RAI-MDS instruments are to be completed for

residents of LTC Homes upon admission, quarterly, and upon significant change of clinical

status (ex. functional, clinical, weight loss, new symptoms such as pain or depression, etc).

14. The HSIM Division also obtains some information from the Office of the Chief Coroner

in respect of death investigations conducted, pursuant to a data sharing agreement completed in

1 Exhibit 9, Ministry OR, Vol. 2(b), Tab 47.
Exhibit 9, Ministry OR, Vol. 2(b), Tab 47. Other examples such as the Hamilton Niagara Haldimand Brant Local

Health Integration Network (LHIN) and Revera Long Term Care Inc. LSAA in respect of Telfer Place, April 1,
2013-March 31, 2016 (LTC100055151) and South West LHIN and Meadow Park (London) Inc. LSAA, April 1,
2013-March 31, 2016, (LTC100055305).
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October 2016 (LTCI00072899) and amended in May 2018 (LTCI00072900). Copies of these

agreements are attached as Exhibits "D" and "E", respectively. The value of this data to the

HSIM Division is where it provides information that only the investigating coroner could assess,

such as cause of death and some of the antecedent circumstances leading up to death. In

addition, it provides data about deaths that occur in a non-health care setting.

The General Methodology for IMDA Projects

15. As outlined above, the Health Analytics and Insights Branch ("HAIB") and the Health

Data Sciences Branch ("HDSB") of the Division are tasked with obtaining and describing the

aspects of the health care system, for purposes including planning, system design, and

operational, accountability and/or performance monitoring purposes.

16. When these branches are asked to consider and analyze an issue, the first step is to review

methodologies published in the public domain to see if the project has been attempted or

considered previously. These sources include published academic literature and grey literature

(which is materials and research produced by organizations or individuals that have not

undergone traditional academic peer review and publication). The CIHI, the Institute for

Clinical Evaluative Sciences, and Statistics Canada are frequent publishers of healthcare reports

which include detailed methodology. These organizations often provide a starting point for any

IMDA investigation.

17. If a similar project has been attempted or considered before, the next step is to consider

whether it could be replicated in Ontario, based on the available data sources. The branches will

then validate the selected approach or methodology with subject matter experts.
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Assessing Mortality in Long-term Care Homes: Initiation and Overview of the Project

18. In December 2016, the Associate Deputy Minister of Policy and Transformation of the

Ministry called a meeting that included myself, the Assistant Deputy Minister of the Long-term

Care Homes Division of the Ministry (the "LTCH Division"), and the Chief Coroner for Ontario.

The topic of the meeting was to explore whether Elizabeth Wettlaufer's offences (the

"Offences") could have been detected and what, if anything, could be done in the future to detect

such crimes earlier.

19. I expressed my belief that it may be possible to complete a data-driven project to

determine if the Offences could have been detected (the "Project"). The Project was undertaken

by the then Health Analytics Branch ("HAB"), from January to September 2017. The Project

was an exploratory effort (also known as proof of concept) and remains at a preliminary stage.

The Project is described in the PowerPoint presentation "Detecting LTC Homes with Excessive

Rate of Mortality" dated September 13, 2017 (the "PowerPoint") (LTCI00070312 01), a copy of

which is attached as Exhibit "F".3 The findings of the Project, as set out in the Powerpoint and

in this Affidavit, should be considered preliminary as well.

20. Given that the Project remains at a preliminary stage, at this point, no decisions have

been made to apply the Project to the LTC sector or to launch the approach described in this

Affidavit. The Project describes one approach to assess deaths in LTC Homes using available

data and a prediction algorithm, to determine if individual LTC Homes have a higher number of

deaths than expected. This method requires additional steps to validate the assumptions and

approach with additional scientific and clinical experts and representatives from the LTC sector.

3 Exhibit 9, Ministry OR, Vol 1(b), Tab 102. This version of the Powerpoint has been redacted to remove
identifying information about various LTC Homes.
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Background on the Methodological Approach Selected for the Project

21. There are broad categories of factors associated with outcomes such as mortality in the

LTC setting. Two major categories are:

(a) Factors associated with the individual residents. These would include

characteristics such as age, sex, functional status, and morbidity (level of

sickness); and

(b) Factors associated with the LTC Home such as the structure and processes used to

care for residents.

22. Any approach that attempts to detect LTC Homes with higher numbers of deaths than

expected will need to adjust for the differing resident characteristics within each home. For

example, a LTC Home with residents who are older and sicker than an otherwise similar LTC

Home with younger and healthier residents would have a higher number of deaths. Without

adjusting for the characteristics of residents, it would be impossible to determine which LTC

Homes had a higher number of deaths than what would otherwise be expected.

Standardized Mortality Ratio Approach to Detecting Unexpected Death

23. The Project team selected a Standardized Mortality Ratio approach to measuring and

comparing LTC Homes. This approach has been used by CIHI to measure and compare

mortality in Canadian hospitals for approximately the last ten years.

24. The Standardized Mortality Ratio approach attempts to isolate the association between

resident mortality and the care processes in the LTC Home by removing the impact of resident

characteristics associated with death. This process is called "risk adjustment" in statistical terms
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and is a widely adopted and accepted practice when comparing outcomes in healthcare to ensure

valid comparisons. This process is used to ensure that only the variable of interest is affecting

the outcome of interest. For example, if one were to compare mortality rates across jurisdictions,

the impact of age differences in the different jurisdictions might be adjusted or equalized so as to

avoid a conclusion that one jurisdiction had a higher rate of death just because of a higher

proportion of older people.

25. In the case of applying the Standardized Mortality Ratio to LTC Homes, risk adjustment

ensures that the impact of factors such as age, sex, and level of sickness are equalized across all

LTC Homes. Any remaining impact on death is then attributable to factors related to a specific

LTC Home. The purpose of the risk4 adjustment is to measure the number of deaths that are

expected so that any death above and beyond this number are considered unexpected from a

statistical perspective.

The Process Undertaken for the Project: Creating a LTC Home Standardized Mortality
Ratio

26. For the purposes of the Project, the Standardized Mortality Ratio was defined by the

number of observed deaths in a given period divided by the number of expected deaths. For

example, a LTC Home with 10 observed deaths and 10 expected deaths would have a ratio of

1.0. A LTC Home with 10 observed deaths and 20 expected deaths would have a ratio of 0.5

which means that there were 50% fewer deaths than expected.

27. Creating a LTC Home Standardized Mortality Ratio required several steps:

4 In this statistical context, risk is not good or bad, it is simply a measure of probability of a certain outcome,
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(a) Determining the method to estimate the number of expected deaths: This step

involved creating a risk-adjusted prediction algorithm that predicted the number

of expected deaths in each LTC Home over a given time period. The prediction

algorithm used routinely available healthcare data.

(b) Extracting the data: Once the prediction algorithm had been defined, this step was

required to extract the specific data relating to LTC Home residents and the

desired time periods from the large healthcare administrative databases held by

IMDA.

(c) Determining the number of observed deaths: It was important to capture all deaths

of LTC residents regardless of whether the death occurred in the LTC Home or

another institutional setting (for example, after a resident had been transferred to

hospital). This meant that the Project team captured the number of deaths in LTC

Homes, as well as in hospitals and several other institutional settings for which

data was available.

(d) Preparing the data: This step included data cleaning (i.e. excluding data with

missing values) and transformation of variables (i.e. changing categorical

variables — ordinal and nominal numbers — into several binary variables).

(e) Running the prediction algorithm and calculating a LTC Standardized Mortality

Ratio: This step used the method determined in Step (a) and the extracted and

prepared data to determine the observed number of deaths in each LTC Home and

the number of expected deaths, which provided the values required to calculate a

mortality ratio for each LTC Home.

11



Each step will be described in more detail.

(a) Determining the method to estimate the number of expected deaths

28. Creating the prediction algorithm involved the Project team selecting an appropriate

statistical approach for the prediction and identifying relevant variables or "risk factors"

predictive of death for consideration to include in the prediction algorithm. The process

undertaken by the Project team is elaborated below.

29. The Project team decided to use two different approaches to creating the prediction

algorithm, as follows:

(a) a traditional statistical approach, which attempts to select variables of interest a

priori though consultation with clinical experts and published materials; and

(b) an automated approach where variables are selected through machine learning

techniques. Specifically, the machine learning techniques used by the Project

team were Random Forest, Decision Tree, and Extreme Gradient Boost. Machine

learning is a subset of artificial intelligence that uses statistical techniques to give

computers the ability to "learn" with data and improve, without being explicitly

programmed, through the construction of inferential statistical methods and

computer-science algorithms. A machine learning model computes multiple

permutations of predictor variables and learns from each one to make the best

data-driven predictions.

30. Examples of the risk factor variables selected for potential inclusion in the prediction

algorithm include (as listed on Slide 10 of the PowerPoint):
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(a) Socio-demographic factors, such as sex and age;

(b) Health conditions, such as congestive heart failure, dementia, or cancer;

(c) Conditions reported in the most recent RAI-MDS instrument completed for a

resident, such as the cognitive performance scale, depression scale, pain scale,

weight loss, dehydration, edema, shortness of breath, delusions, leaving food

uneaten, etc; and

(d) Acuity level, considering factors such as previous hospital admissions and/or

emergency department attendances within set periods of time, as well as

difficulties with activities of daily living or cognitive status deterioration.

31. Different variables were measured for different periods of time (as identified on Slide 11

of the PowerPoint). For example:

(a) Dehydration, edema, shortness of breath, vomiting and leaving food uneaten were

measured for the 7 days prior to assessments; whereas

(b) Difficulties with activities in daily living and cognitive status deterioration were

based upon a comparison from 90 days ago.6

32. Under the machine learning approach, all the variables available in the RAI-MDS

instruments were used to predict deaths, i.e. all approximately 600 variables in the assessment

instruments were considered for potential inclusion in the prediction by the automated machine

learning approach.

5 Seven days was selected as this is how the question is worded on the RAI-MDS instrument.
6 90 days was selected as this is how the question is worded on the RAI-MDS instrument.

13



33. Under the traditional statistical approach, the Project team determined which RAI-MDS

instrument variables were most appropriate to predict death a priori using the following steps:

(a) A review of the literature to determine whether any other entity had previously

attempted to predict mortality in a LTC Home or similar institution over certain

periods using data derived from RAI-MDS instruments. The Project team found

five papers that were applicable and relevant, which were utilized as a starting

point for the model.? Copies of those five papers (LTCI00072901,

LTCI00072902, LTCI00072903, LTCI00072904 and LTCI00072905) are

attached collectively as Exhibit "G";

(b) The Project team then discussed internally how the approaches described in the

literature could be implemented in Ontario, based on the available data sources;

and

(c) The Project team consulted with clinical subject matter experts at the Office of the

Chief Coroner, to obtain their input on the model and variables considered. The

Project team specifically consulted the Chief Coroner for Ontario, Dr. Dirk

Huyer, to confirm that the contemplated variables were clinically relevant and

appropriately predictive of expected deaths. Dr. Reuven Jhiard, Deputy Chief

Coroner, also provided expert clinical input into which variables would be most

Brink and Kelley. Death in Long-term Care: A Brief Report Examining Factors Associated with Death within 31
Days of Assessment. Palliative Care: Research and Treatment 2015:9 1-5; Davina Porock, Debra Parker Oliver,
Steve Zweig, Marilyn Rantz, David Mehr, Richard Madsen, and Greg Petroski. Predicting Death in the Nursing
Home: Development and Validation of the 6-Month Minimum Data Set Mortality Risk Index. Journal of
Gerontology: MEDICAL SCIENCES 2005, Vol. 60A, No. 4, 491-498; Kuo-Ping Yeh, Ming-Hsien Lin, Li-Kuo
Liu, Liang-Yu Chen, Li-Ning Peng, Liang-Kung Chen. Functional decline and mortality in long-term care settings:
Static and dynamic approach. Journal of Clinical Gerontology & Geriatrics 5 (2014) 13-17; Elia Biganzoli, Patrizia
Boracchi, Luigi Mariani and Ettore Marubini. Feed Forward Neural Networks for the Analysis of Censored Survival
Data: A Partial Logistic Regression Approach. Statistics in Medicine Statist. (1998) Med. 17, 1169-1186; O. Grigg
and V. Farewell. An overview of risk-adjusted charts. J. R. Statist. Soc. A (2004) 167, Part 3, pp. 523-539
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valuable to predict death during the consultation meeting. The Project team did

not make any modifications to the model or variables considered as a result of the

consultations.

The Project team also had to define the population that was being considered in the prediction

algorithm for the predefined period of time. The population was defined as LTC Home residents

in a 12 month fiscal year period (i.e., the 12 month study period selected to be reviewed for that

model).

(b) Extracting the data

34. Once the predictive algorithm had been defined, the Project team had to extract the

identified data relating to LTC Home residents for the desired time periods from the large

healthcare administrative databases held by IMDA. These databases included the Registered

Persons Database and several databases collected by CIHI covering other institutional settings

(hospitals, complex continuing care, rehabilitation hospitals, etc.).

35. The data was extracted according to the time periods and variables described above and

in the PowerPoint.

(c) Determining the number of observed deaths

36. To measure the observed number of deaths, the model reviewed the above-noted

databases to determine the number of deaths at LTC Homes during the 12 month study period.

For the purposes of the Project, death was defined as death in the LTC Home or in another

institution within 30 days of discharge from a LTC Home.
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37. For the 12 month period of time demonstrated in the PowerPoint (FY2015/16 — as seen

on Slide 14), 21,074 residents of LTC Homes died, representing 19.6% of residents. The time

periods assessed included fiscal years 2010/11 through 2016/17, though these results were not

incorporated into the PowerPoint.

(d) Preparing the data

38. As outlined above, the Project team then engaged in data cleaning (i.e. excluding data

with missing values) and transformation of variables (i.e. changing categorical variables

ordinal and nominal numbers — into several binary variables).

(e) Running the prediction algorithm and calculating a LTC Standardized Mortality

Ratio

39. The prediction algorithm was then run on the extracted and prepared data using the

traditional statistical approach, and the three machine learning approaches (i.e. Random Forest

(Slide 31-36), Decision Tree (Slides 37-41) and Extreme Gradient Boosting (Slides 42-45)) to

calculate the number of expected deaths. These machine learning approaches are all based on the

concept of a decision tree analysis. A decision tree attempts to predict the value of a target

variable (the probability of a LTC resident dying) based on a sequence of Yes/No questions

("decisions") about one or more explanatory variables which are the risk factors. Specifically:

• Decision Trec is built usin.g the whole dataset considering all the risk factor

variables;

• Random Forest is based on the decision tree principle but instead of using the

whole set of data it builds multiple trees based on random selections from the
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entire dataset. Each individual decision tree is built independently and

simultaneously. The model with the best performance is selected automatically.

• Extreme Gradient is based on the same principle as Random Forest with the only

difference being that the trees are built one at a time and each tree helps to

improve on the errors made by the previous tree.

40. The predicted number of deaths were adjusted for different resident characteristics in the

following manner. Individual level resident data, as described above, was used to predict the

probability of death for individual residents. In the next step, all the probabilities of dying for

individual residents are added up at the LTC Home level to come up with the expected number

of deaths at the home level. This produces a number of expected deaths for each LTC Home as

if all Homes had residents with similar characteristics.

41. After the prediction algorithm was run, the Project team calculated the observed and

expected deaths in each LTC Home for a variety of time periods. It could then compare the rate

of observed deaths to the rate of expected deaths, and identify those LTC Homes that had the

higher ratios of observed deaths over expected death.

Assessing and Validating the Results of the Prediction Algorithms

42. The performance of the prediction algorithms was assessed using statistical tests that are

broadly used in the scientific literature. These measures seek to describe the proportion of

variance in the outcome variable - expected deaths - that are explained by the input variables and

risk factors. Prediction algorithms that explain more of this variance would be thought to have

better performance.
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43. After the observed and expected deaths in each LTC Home were calculated, the Project

team conducted validation sessions with scientists from an independent research organization

called the Institute for Clinical Evaluative Sciences (the "Institute") in Toronto. All of these

scientists were also faculty members of the University of Toronto. The Project team also

undertook validation sessions with an additional professor at the University of Toronto. Both the

Institute and the professor had several suggestions which the Project team explored, but found

that these changes deteriorated the model performance without substantially changing the results.

As such, the Project team did not make any modifications to the originally designed model as a

result of the validation sessions.

44. A series of visualizations and numerical tests were applied to the calculations, as shown

on Slides 20 — 27, 26, 40-41, 45, 48 — 55 of the PowerPoint, to facilitate detecting LTC Homes

that might be outliers. These steps included the ranking of the Standardized Mortality Ratios,

assessing the confidence intervals associated with the ratios, and creating benchmark levels.

This was done to provide useful ways to show the calculations and to demonstrate the robustness

of the calculations.

Coroner Data

45. The data sources used for the Project included CIHI data and the information in the

Registered Persons Database. The Project did not utilize data from the Office of the Chief

Coroner.

46. It is possible that additional information could be incorporated into the model from the

Office of the Chief Coroner, such as information on the circumstances of death. I anticipate that

such information could theoretically be fed back into the model to evaluate its accuracy (i.e. as a
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validation tool). However, there are limitations to the usefulness of the Office of the Chief

Coroner data, as such data has very little predictive value (i.e. it constitutes discovery after the

fact), and the data is not complete (i.e. is not obtained for each deceased resident of LTC

Homes).

47. One factor that the HSIM Division will consider in any project is the utility of collecting

new and additional information versus the reporting burden. It is questionable whether there is

additional coroner-specific data that would be sufficiently beneficial to outweigh the reporting

burdens, especially noting that this data would not be comprehensive due to the nature of the

coronial investigation process.

The Findings of the Project

48. As indicated on Slide 58 of the PowerPoint, the findings of the Project included that:

(a) all approaches (traditional statistical and machine learning) identified a similar set

of predictor variables and of LTC Homes with higher numbers of observed deaths

than expected deaths; and

(b) the similar output from the different approaches serve as a form of validation

because the different statistical techniques resulted in similar risk factors and

similar rankings of LTC Homes. The output from the predictive algorithms could

be used to flag LTC Homes that appear to have higher number of deaths than

expected.

49. The different predictive statistical approaches ultimately produced similar results, but the

HAIB/HDSB assessed the machine learning approach to be the better option going forward, as
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the model could be run on an automatic basis. Slide 46 of the PowerPoint includes a summary of

the pros and cons of each of the three methods of machine learning used by the Project team. Of

the machine learning options, the Extreme Gradient Boosting (XGBoost) would be the model

HAIB/HDSB would suggest for regular monitoring. The model performance with XGBoost was

better than with other techniques using the previously described measures of model performance.

Furthermore, I am aware that XGBoost is consistently one of the top performing techniques in

competitions designed to find successful prediction models.

50. In my view, the Project has produced a methodologically sound, potentially valuable

approach that calculates the expected number of deaths for each LTC Home over a past time

period based on the health status characteristics of the residents. It also creates a standardized

ratio by dividing the observed number of deaths by the expected number of deaths, which is

comparable across all LTC Homes. Based on this, the approach can flag particular LTC Home

as having higher than expected number of deaths. Of note, the ratio is agnostic to the mechanism

of death, i.e. it is not possible to determine the cause of higher numbers of observed deaths

strictly from this tool.

51. One of the benefits of the tool is that it is comprehensive, in that all recorded deaths and

all residents are included in the predictive model. Each LTC Home can be scored and ranked

using this approach.

52. The model could also be expanded to include other events that might be predictive of

mortality if comprehensive sources of data exist, including all hospital admissions and

emergency department visits or for sub-sets of visits of interest such as fractures, pressure ulcers,

pneumonia, and urinary tract infections (for example).
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53. It is still to be determined whether and how the Project should best be implemented and

by whom. If it is ultimately used by a partner, the uses to which the model is put could be fed

back into the model in order to improve its results. However, policy and practical decisions

regarding any implementation of this approach are premature as the Project is still at a proof of

concept stage.

54. Presently, the HSIM Division has identified the LTCH Division and the Office of the

Chief Coroner as potential partners that could utilize the model and implement the data obtained

from the Project. No decision has yet been made as to what use (if any) this Project will have

going forward. There have been no further discussions with the Ministry or the Office of the

Chief Coroner about the Project at this time.

55. To my knowledge, no other jurisdictions or health systems (either within Canada or

internationally) has attempted a comparable project of attempting to predict mortality in the LTC

Home setting although, as mentioned previously, a similar approach is used in the hospital

setting as a quality improvement strategy. Ontario is well-suited to implement this type of

approach, as in this single payer system, the Ministry has person-specific data points associated

with virtually every provincially-funded health care transaction in the Province.

The Limitations and Challenges of the Project

56. As indicated on Slides 61 and 62 of the PowerPoint, there are a number of limitations and

challenges with this model, including that:

(a) The prediction algorithm used to calculate the number of expected deaths is still

at a research stage;
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(b) The number of expected deaths is determined by the risk factors included in the

prediction algorithm which is defined by the data available. It is possible that

certain risk factors are not being included because there is no data available for

these risk factors either because they are not routinely collected in the RAI-MDS

instruments or the selected prediction algorithm did not include these risk factors;

(c) There is no perfect way to validate this type of approach because there is no

systematic way to know the circumstances leading to every death in the LTC

setting, which means it is impossible to know what the true number of expected

deaths would be;

(d) The model does not isolate the cause of death or provide any details on the

organizational structure or processes contributing to or associated with death;

(e) many LTC Homes are small, meaning that:

(i) the associated confidence interval for adjusted rate or expected deaths is

wide; and

(ii) the rates of death are not stable, so it is difficult to reliably identify a

signal even if two years of data is analyzed; and

(f) the use of the variables or risk factors drawn from a resident's latest RAI-MDS

instrument completed may reflect the status of dying, i.e. sicker residents are

assessed more frequently within the days of their death.

57. An additional limitation of the Project is that it relies on observational data. This type of

data arises when people are observed in different circumstances over which there is no control of

22



the factors. In an experimental study, people can be randomly allocated between groups and

factors are controlled so that individual effects can be isolated to determine cause and effect.

Prediction algorithms using observational data can only reveal associations. For example, on

Slide 19, the relationship between the risk factors and mortality is displayed. One cannot say

with certainty that any of those factors caused the death, only that they are associated with and

predictive of death.

58. In sum, with smaller LTC Homes, a small number of deaths can substantially alter the

mortality ratio. Random fluctuations in the number of deaths could cause a small LTC Home to

substantially move up or down in ranking based on the higher number of observed deaths to

expected deaths. In addition, if the Project were to be implemented for use going forward, the

HSIM Division would want input from the sector itself, which could impact which model is

utilized.

The Findings of the Project re: The Offences

59. Slide 20 of the PowerPoint represents the retrospective analysis of whether the Offences

could or would have been detected, had the Project been in place at the material time. Three

periods of time were reviewed, being: April 2011 to March 2012, July 2011 to June 2012, and

April 2013 to March 2014. These coincided with some of the Offences committed at Caressant

Care — Woodstock ("CCW").

60. The model ranked LTC Homes for each of those periods of time based on their respective

adjusted rate of observed deaths to expected deaths. The higher adjusted rate of observed deaths

to expected deaths meant that there were more observed deaths than were expected at a LTC

Home based on the models used by the Project team, and the higher the ranking of the LTC
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Home. In other words, the LTC Homes ranked highest (1, 2, 3...) had the highest adjusted rates

of observed death relative to what was expected, and those ranked lowest (631, 632, 633...),

which had the lowest adjusted rates of observed death relative to what was expected.

61. As indicated on Slide 20, CCW's mortality ratio was ranked 61 or 64 out of 633 LTC

Homes reviewed for the time periods identified. In other words, for the time periods identified

above, CCW had the 61St or 64th highest adjusted rate of observed deaths to expected deaths (i.e.

was in the top 10% of LTC Homes in terms of more observed deaths than expected). The

PowerPoint (at Slide 20) focused on CCW, as this was the LTC Home where the majority of the

murders took place, as known to the Project team through media reports.

62. My conclusion based on the model is that it would have been virtually impossible to

contemporaneously or retrospectively detect the Offences from a data perspective. Because the

murders were spread out over several years at CCW, with a rate of one, two or three per year, the

model would not have been sensitive enough to detect the increased death rate as a result of the

Offences. In other words, the ranking of CCW would not have changed significantly as a result

of the Offences either in a particular year or from when comparing years. However, in an

instance more analogous to the Harold Shipman murders in the United Kingdom, where the rate

of actual deaths far exceeded the rate of expected deaths for a particular institution in a particular

year, this model may be able to detect that increased rate.

63. At the request of Commission Counsel and for the purposes of this Inquiry, I requested

the Project team confirm the mortality ratio for CCW as compared to the same list of 633 LTC

Homes in the years during and following the Offences. The table below demonstrates the

ranking of CCW based on three different machine learning methods utilized:

24



LTC Home Method Year

2010 2011 2012 2013 2014 2015 2016

CCW RF 62 70 63 72 90 122 55

Logistic 89 70 69 66 104 175 79

XGB 65 73 78 74 169 186 78
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disease (COPD) in Ontario: Value Demonstrating Initiative (VDI) on COPD. Canadian Respiratory

Conference. Ottawa, Canada. April 2015.

6. Wilson MG, Gauvin FP, Hillmer M, Lavis 1N, Moat KA, Panisset U. The state-of-the art in policy-

focused knowledge translation. Canadian Association for Health Services and Policy Research

Annual Conference, Toronto, Canada. May 2014.

7.

8.

Barker T, Hillmer MP, Prisniak A. An Assessment of a Primary Care-Based Diabetes Prevention

Program Delivered in Ontario, Canada. American Diabetes Association: 72nd Scientific Sessions.

Philadelphia, United States. June 2012.
-
Hillmer MP, Clayman J. Development of a Chronic Disease Prioritization Aid to Assist Policy &

Decision Makers. Academy Health: Annual Research Meeting. Chicago, United States. June 2009.

9.

10.

Hillmer MP, Wodchis WP, Cernat G, Gill SS, Stukel TA, Anderson GM, Rochon PA. Avoidable

hospitalizations of nursing home residents in Ontario. 6th Annual International Gerontology

Association — European Congress, St. Petersburg, Russia. July 2007.
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Association for Clinical Pharmacology and Therapeutics (EACPT). Florence, Italy. July 2000.
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1• ^ Connecting Privacy Conference. "Where are we going with Health Information Management in

Ontario?" Toronto, Ontario. December 6, 2017.

2. Big Data & Analytics for the Public Sector, Toronto, Ontario — May 30/31, 2017

3. GovConnect Ontario Speaker, Toronto, Ontario — May 09, 2017

4, Innovation Fund Provincial Oversight Committee. Innovation Fund Showcase November 2016. — Panel I

Moderator

5. "Leveraging Big Data & Analytics In The Public Sector" Speaker Oct. 18/19, 2016

6. Ministry Update on Provincial Health Analytics. Presentation at Ontario Health Association (OHM

Leading the Way to Better Health Care Analytics. Toronto, Canada. June 22, 2016

7. Research to Policy: Informing decision-making in health services policy and practice from a research

impact assessment perspective. Presentation by Canadian Health Services & Policy Research Alliance.

Presentation at National Forum 2016 Transforming Health Care for Canada's aging, frail population,

Toronto, Ontario. May 13, 2016.

8. Use of Evidence for Health System Policymaking. Presentation at University Health Network (UHN)

Division of Medical Oncology Grand Rounds. Toronto, Canada. December 17, 2015.

9. Health Services Research and Policy Making in Ontario. Presentation at Toronto Health Economics

and Technology Assessment (THETA) Collaborative Rounds. Toronto, Canada. October 9, 2015.

10. Harnessing the Power of Administrative Data to Drive Health System Innovation in Ontario.

Presentation to the Arthritis Industry Forum. Toronto, Canada. September 25, 2015.

11. Health Services Research and Policy Making in Ontario. Presentation at Women's College Hospital

Institute for Health System Solutions and Virtual Care (WIHV) Innovation Rounds. Toronto, Canada.

June 16, 2015.

12. Research, Innovation, and Ontario's Health System Priorities. Ontario Centres of Excellence Discovery

Conference. Toronto, Canada. April 28, 2015.

13,

14.

Ontario's Health Care System. Seminar at Institute of Health Policy, Management and

Evaluation, University of Toronto. Toronto, Canada. October 23, 2014.

Challenges and Opportunities in Child Health and Social Policy. Child Health and Social Policy Seminar

Series. Toronto, Canada. October 1, 2014.

15. Health Services Research and Knowledge Translation in Ontario. Presentation to the French Language

Health Services Advisory Council. Toronto, Canada. October 1, 2014.

16. Ontario's Health Care System. Presentation to Delegation from China. Toronto, Canada. September

25, 2014.

17. Harvesting and Linking Data. Big Data Forum at McMaster Innovation Park. Hamilton, Canada.

September 24, 2014.

18. How can research influence clinical best practices and policy for children and youth who need

assistive technology services? Presentation at Thames Valley Children's Centre. Toronto, Canada.

September 17, 2014,

19. Research Policy and Knowledge Transfer: Perspectives from a Knowledge User from the

Ontario Ministry of Health and Long-Term Care. Presentation to the Better 2 Program. Edmonton,

Canada. June 16, 2014.

20. Personal and professional advice and "stories from the field". ACHIEVE Career Session at the Centre

for Research on Inner City Health, Li Ka Shing Knowledge Institute, St. Michael's Hospital. Toronto,

Canada. March 28, 2014.
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21. Chronic Disease and Multi-Morbidity in Ontario. CIHR Institute of Health Services & Policy

Research - Policy Rounds: Improving Care for People with Multiple Chronic Health Conditions

(Canada-wide webinar). Toronto, Canada. March 26, 2014.

22. Health Services Research and Knowledge Translation in Ontario. Invited seminar at the Centre

for Health Economics and Policy Analysis (CHEPA), McMaster University. Hamilton, Canada. February

26, 2014.

23. Health System Research Fund (HSRF). The Centre for Research in Community Interventions to

Promote Optimal Aging at Home - A Knowledge Translation and Exchange Forum. Toronto, Canada.
February 12, 2014.

24. Health System Transformation. Presentation to the Gateway Rural Health Research Institute

Collaboration. Stratford, Canada. January 22, 2014.

25. Caring for People with Multiple Chronic Conditions. Health System Performance Research Network

(HSPRN) Symposium - Caring for People with Multiple Chronic

Conditions: A Necessary Intervention for Ontario. Toronto, Canada. October 22, 2013.

26. Chronic Disease Prevention and Management: Canadian Context and Experience. Medecins Sans

Frontieres/Doctors without Borders (MSF) workshop on existing models of care for the

management of chronic disease. Geneva, Switzerland. September 12, 2013.

27. Aboriginal Health in Ontario. Ontario Ministry of Health and Long-Term Care Public Health

Division First Nation / Public Health Unit Education Day. Toronto, Canada. March 21, 2011.

28, The Ontario Health Care System and Aboriginal Health Initiatives in Ontario. Aboriginal Health in

Ontario. Toronto, Canada. March 8, 2011.

29. Coming to grips with uncertainty: Exploring the parallels between the academic and bureaucratic

approach to clinical epidemiology. St. Michael's Hospital Clinical Epidemiology Rounds. Toronto,

Canada. November 26, 2009.

30. Chronic Disease Prevention and Management in Ontario. Making the invisible visible: A conference

on sickle cell anemia hosted by the Sickle Cell Association of Ontario and the Black Health Alliance.

Toronto, Canada. November 21, 2009.

31. Chronic Disease Prevention and Management. Ontario Association of Naturopathic Doctors Annual

Conference. Toronto, Canada. April 2009.

32. Chronic Disease Prevention and Management: A Policymaker's Perspective. Chronic Disease

Prevention and Management in Primary Care: Which Shoe Fits? Queen's University Continuing

Professional Development. Kingston, Canada. October 2008.

33. Chronic Disease Prevention and Management in Ontario. Working together to prevent and manage

chronic disease: Ideas, Innovation, and Insight Conference hosted by St. Joseph's Health Centre.

Toronto, Canada. May 2008.

34. The association between the ownership status of Ontario's long-term care homes and the quality of

resident care. City-wide Clinical Epidemiology Rounds, University of Toronto. Toronto, Canada. April

2008.

35. Understanding the landscape of chronic disease prevention in Ontario. Ontario Heart Health

Network Annual Conference. Toronto, Canada. April 2008.

36. Avoidable hospitalizations of nursing home residents. Kunin-Lunenfeld Applied Research Unit

Rounds, Baycrest Centre. Toronto, Ontario. November 2006.

37. Nurse staffing in Ontario's for-profit and not-for-profit long-term care facilities. Canadian Geriatrics

Society. Halifax, Canada. June 2005.

38. Nurse staffing in Ontario's for-profit and not-for-profit long-term care facilities.

Tri-University Trainee Research Day. Toronto, Canada. June 2003.
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39. Quality of care in the nursing home. Does profit status matter?

• Kunin-Lunenfeld Applied Research Unit Rounds, Baycrest Centre. Toronto, Canada. March

2003.

• Institute for Clinical Evaluative Sciences Rounds, Sunnybrook and Women's College Health

Sciences Centres. Toronto, Canada. December 2003.

40. Keloids and the African experience. Centre for Evaluation of Medicines Rounds, McMaster University.

Hamilton, Canada. January 2000.

41. Pharmacotherapy for the treatment and prevention of keloid scars. Weekly Departmental Seminar,

Department of Pharmacology, University of Toronto. Toronto, Canada. September 1998.

Key Note Addresses

1. Vizient Canadian Decision Support Conference — November 30, 2017

2. MedAssets Canadian Decision Support Conference December 06, 2016

3. Canadian Knowledge Mobilization Forum. Toronto, Ontario. June 28, 2016.

4. The Art and Science of Healthcare Policy in the 21st Century: Moving the Innovation Agenda Forward.

Presentation at the Ontario Psychiatric Outreach Program (OPOP) Annual Retreat. Ottawa, Canada.

September 17, 2015.

5. The Next Frontier of Chronic Disease Prevention and Management: 2010 Hypertension Collaborative,

Heart and Stroke Foundation of Ontario. Toronto, Canada. March 27, 2010.

External Program Reviews

1. Manitoba Training Program External Review — July 2017

The Manitoba Deputy Minister of Health and Dean of Medicine at the University of Manitoba

commissioned an external review of the Manitoba Training Program for Health Services

Research. My partner was Dr. Stephen Bornstein of Memorial University. The final report was

submitted in July 2017.

Graduate Thesis Committees

Member, PhD Committee, Lisa Strifler, 2015 -

Supervisor: Sharon Strauss, MD, FRCP(C), MSc, HBSc

University of Toronto, Institute of Health Policy, Management, and Evaluation

Thesis Defence Participation

1. External Examiner, Simon Trevarthen, Masters of Strategic Foresight and Innovation,

Ontario College of Art and Design, August 2016. Academic Advisor, Alexander Manu

2. Internal Examiner, Delia Sinclair Frigault, MSc. Health Services Research. Institute for

Health Policy, Management, and Evaluation, University of Toronto. September 2016.

Thesis: Responsive Behaviours in Dementia: Developing and Implementing the

Behavioural Supports Ontario Initiative

Scientific / Planning Committees

1. CIHR Best Brains Exchange: Artificial Intelligence and Machine Learning Approaches to

Improving Population Health. April 28, 2017

2. 2018 International Population Data Linkage Conference Scientific Committee.

September 2018. Banff, Alberta.
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3. Ontario Ministry of Health and Ontario Medical Association Innovation Fund Provincial

Oversight Committee Innovation Showcase 2016. Toronto, Ontario.

Selection Committees

1. 2018 International Population Data Linkage Research Symposium. Abstract review

committee

2. Nova Scotia Health Research Foundation Real Impact Fellowship — November 2016 —

3. Ontario Ministry of Health and Ontario Medical Association Innovation Fund Provincial

Oversight Committee 2015-2017
4. 2017 Cochrane Symposium. Abstract review Committee. Hamilton, Ontario.

Graduate Teaching

Courses

1. University of Toronto, Institute for Health Policy, Management, and Evaluation

Knowledge Transfer and Exchange: The Art and Science of Making Research Relevant

and Increasing Utilization. HAD5727H.

• Winter 2015

• Winter 2016

Academic Courses - Guest Lectures
1. University of Toronto, Institute for Health Policy, Management, and Evaluation

Knowledge Transfer and Exchange: The Art and Science of Making Research Relevant

and Increasing Utilization ""Health Systems & influencing policy makers", March 27,

2018. Professor Monika Kastner.

2. University of Toronto, Institute for Health Policy, Management, and Evaluation.

Graduate Student Union Seminar Series. "Decision Making and Evidence". October

2017.

3. University of Toronto, Institute for Health Policy, Management, and Evaluation
Knowledge Transfer and Exchange: The Art and Science of Making Research Relevant

and Increasing Utilization ""Health Systems & influencing policy makers", March 6,

2017. Professor Monika Kastner.

4. University of Toronto, Institute for Health Policy, Management, and Evaluation.

Program Planning and Evaluation. Masters of Health Administration. January 25, 2016.

Professor Rhonda Cockerill.

5. University of Toronto, Institute for Health Policy, Management, and Evaluation.

Evidence Review: Approaches and Methods for Health Systems and Policy. September

25, 2015. Professor Mark Dobrow.

6. Ryerson University, Ted Rogers School of Management. The Health Care System (CHSM

301): Beyond Medicare: Home and Community Based Care and Long-term Care.

February 12, 2016. Professor Jake Pringle.
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7. Ryerson University, Ted Rogers School of Management. The Health Care System (CHSM

301): Beyond Medicare: Home and Community Based Care and Long-term Care.

December 2, 2015. Professor Jake Pringle.

Manuscript Peer Review

British Medical Journal 2

Journal of Critical Care 1

Health Policy 1

McMaster Health Forum Reviews 5

McMaster Health Forum Policy Briefs — Merit Reviews

1. Gauvin FP, Waddell K, Lavis JN. Rapid synthesis: Fostering an organizational culture

supportive of evidence-informed policies. Hamilton, Canada: McMaster Health Forum, 3

November 2017.

2. Moat KA, Wicks M, Wilson MG. Citizen Brief: Integrating Data Across Sectors for Public

Service Improvement in Ontario. Hamilton, Canada: McMaster Health Forum, 5 March

2016. Improving Leadership Capacity in Primary and Community Care in Ontario

3. Wilson MG, Lavis JN, Moat KA. Citizen Brief: Building a Primary-Care 'Home' for Every

Ontarian. Hamilton, Canada: McMaster Health Forum, 6 February 2016.

4. Lavis JN, Moat KA, Tapp C, Young C. Evidence Brief: Improving Leadership Capacity in

Primary and Community Care in. Ontario. Hamilton, Canada: McMaster Health Forum,

30 January 2015.

5. Wilson MG, Lavis 1N. Dialogue Summary: Designing Integrated Approaches to Support

People with Multimorbidity in Ontario. Hamilton, Canada: McMaster Health Forum, 21

October 2013

Book Reviews

1. McGregor, Margaret J, and Lisa A. Ronald. 2011. Residential Long-Term Care for

Canadian Seniors: Nonprofit, ForProfit or Does It Matter? IRPP Study, No. 14. Montreal:

Institute for Research on Public Policy.
http:Hirpp.orgjwp-content/uploads/assetsfresearchifaces-of-agineresidential-long-

term-care-for-canaclas-seniors/IRPP-Study-notpdf

2. Chapter 1: Ontario's Health System: Key Insights for Engaged Citizens, Professionals and

Policymakers. John Lavis, Editor. 2016. McMaster Health Forum
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MIN1STRY-LHIN PERFORMANCE AGREEMENT
APRIL 1, 2013 — MARCH 31, 2015

BETWEEN:

Her Majesty the Queen in right of Ontario, as represented by the
Minister of Health and Long-Term Care ("MOHLTC")

- and -

South West Local Health Integration Network ("LHIN")

introduction

The Local Health System Integration Act, no6 (LHSIA), the Memorandum of Understanding
(MOU) and the Ministry-LHIN Performance Agreement (Agreement) are the key elements of the
accountability framework between the MOHLTC and the Local Health integration Networks
(LHINs).

The Agreement identifies the MOHLTC's key operational and funding expectations of the LHINs
that are not already addressed in the LHSIA or the MOU. It recognizes that the MOHLTC and
the LeliNs have a joint responsibility to serve the public interest and effectively oversee the use
of public funds. The Agreement reflects the LHINs' critical role in ensuring enhanced access
and quality of healthcare in a fiscally sustainable rnanner while acknowledging the MOHLTC's
responsibility to apply appropriate and legitimate scrutiny of fiscal management and health
services delivery by the LHINs.

The MOHLTC has communicated provincial strategic direction that provides a vision for system
change and reinforces the principles articulated in the Excellent Care for All Act, 2010. The
MOHLTC and the LHINs used this vision to develop a Performance Framework focused on
better patient outcomes and value for healthcare dollars. The framework includes the following
shared system goals:

Enhanced Person-Centred Care
• improved System Integration and Enhanced Coordination and Transitions of Care
• Implementation of Evidence-Based Practices to Drive Quality, Value and Improved

Health Outcomes
Financial Sustainability

A number of key initiatives have been introduced to transform the healthcare system and
achieve the vision set forth by the MOHLTC. The LHINs will work with health service providers
and other providers to enhance collaboration within and between sectors and ensure alignment
with current provincial strategies, including:

• Health System Funding Reform: a new funding strategy that features patient based
funding to facilitate fiscal sustainability and person-centred care. This will impact
hospital, Community Care Access Centre (CCAC), and Long-Term Care Homes (LTCH)
budgets.
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Health Links: an innovative approach to enhancing coordinated care for people who
access the system frequently and at multiple entry points.

Seniors Strategy: a provincial initiative to keep seniors healthy and at home longer and
reduce pressures en hospitals and LICHs by increasing capacity in the community,

Mental Health and Addictions Strategy: an inter-ministerial commitment to improve the
well-being of all Ontarians and create healthy, resilient communities.

To further support the transformation agenda and address the demographic and fiscal
challenges facing Ontario, comprehensive service capacity planning that includes both the
MOHLTC and the LHINs is required.

Prirnaty Purpose of the Agreement

1. The Agreementoutlines the mutual understanding between the MOHLTC and the LHIN
of their respective performance obligations in the period from April 1, 2013 to March 31,
2015 covering the 2013-2014 and 2014-2015 fiscal years. The agreement is an
accountability agreement for the purposes of section 18 of the LHSIA.

Prtncfpies

2. Both par es v wii9 carry out the responsibilities and obligations based on principles that
reflect:

a) Alignment with provincial priorities and strategies;

b) Sustainability of the healthcare system by maximizing the efficient and effective use
of public funds;

c) Performance improvement;

d) High-quality, person-centred service delivery;

e) Consistency;

f) Consultation and collaboration among MOHLTC, LHINs, health service providers,
other providers arid the applicable communities;

g) Openness and transparency; and

h) Innovation, creativity and flexibility.

Definitions

3. The following terms have the following meanings in the Agreement:

"Agreement'" means this Agreement, including any schedules, and any instrument
which amends this Agreement.

"Annual Business Plan" means the plan for spending the funding received by the LHIN
from the MOHLTC and included in the Agreement as required by subciause 18(2) (d) of
the LHSIA.
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"Community" has the meaning set out in subsection 16(2) of the LHSIA.

"Consolidation Report" means a report that includes the LHIN's revenues and
expenditures for LHIN operations and transfer payments to health service providers, and
balance sheet accounts for the LHIN.

"Dedicated Service Fundlag" means, in respect of a specific service, the funding that
must be used by the LHIN to fund the provision of the specific service.

"eHealth" means the coordinated and integrated use of electronic systems, information
and communication technologies to facilitate the collection, exchange and management
of personal heath information in order to improve the quality, access, productivity and
sustainability of the healthcare system. Key application areas of eHeaith in Ontario
include, but are not limited to:
• Electronic health information system* (e.g., electronic medical records, hospital

information systems, electronic referral and scheduling systems, digital imaging and
archiving systems, chronic disease management systems, laboratory information
systems, drug information and ePrescribing systems)

• Electronic health information access systems (e.g., provider porta)s, consumer
eHealth)

• Underlying enabling systems (e.g., client/provider/user registries, health information
access layer)
Remote healthcare delivery systems (e.g., te)emedicine services)

"eHealth Ontario" means the government agency responsible to the Minister of Health
and Long-Term Care which is a corporation without share capital created and continued
in Ontario Regulation 43/02 made under the Development Corporations Act.

"Fiscal year" means April 1 to March 31.

"Health service provider" has the meaning set out in section 2 of the LHSIA.

"Regular Report" means a report that includes a statement of the LHIN's revenues,
actual expenditures, forecasted expenditures for LHIN operations, transfer payments, an
explanation of variances as required between the forecasted expenditures and
revenues, and the identification of any financial and performance risks.

"Schedule" means any one of and "Schedules" means any two or more of the
schedules appended to the Agreement, including the following:

1. General;
2. Local Health System Program Management;
3. Long-Term Care Homes Program Specific Management
4. Funding and Allocations;
5. Local Health System Performance; and
6. integrated Reporting.

"Service accountability agreement" means the service accountability agreement that
the LHIN and a health service provider are required to enter into under subsection 20 (1)
of the LHSIA.
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"Year-end" means the end of a fiscal year.

Accountability

Both parties vvili luiiiil their performance obligations in accordance with the terms of the
Agreement,

Both parties will collaborate and cooperate to;

a) Facilitate the achievement of the requirements of the Agreement;
b) Promote financial'sustainability and efficient utilization of financial resources;
c) Develop clear and achievable service and financial performance obligations and

identify risks to performance;
d) Establish clear lines of communication and responsibility; and
e) ,Work diligently to resolve issues in a proactive and timely manner.

S. The LHIN is responsible for managing its performance, the performance of the local
health system, and collaborating with other providers to support provincial goals, as set
out in the Agreement and using its authority under law. The IVIOHLIC is responsible for
collaborating with the LHIN to achieve those ends. The rv1OHLTC and the LHIN
recognize that issues may arise in the local health system that will require joint
MOHLTC-LHIN problem-solving, decision making and action.

performance Improvement

7, Both parties will follow a proactive and responsive approach to performance
improvement based on the following principles:

a) Prudent financial management of public healthcare resources;
b) Better access to high quality, person-centred services;
c) Strengthened transitions in care across the entire patient journey;
d) Ongoing performance improvement;
e) An orientation to problerresolving; and
f) A focus on relative risk of non-performance.

8. Where matters arise that could significantly affect either the LHIN or fv1OHLTC's ability to
perform their obligations under the Agreement, they shall provide written notice to the
other party as soon as reasonably possible (a "Performance Factor). Notice shall
include a description of any remedial action the party has taken or plans to take to
remedy the issue, Receipt of notice will be acknowledged within five business days 01
the date of the notice.

0. Both parties agree to meet and discuss the "Performance Factor" within one calendar
month of the date of the notice. During the meeting, using the principles set out in
paragraph 7 above, the parties will discuss:

a) The causes of the Performance Factor;

b) The impact of the Performance Factor and whether it poses a 'low'', "moderate" or
"high" risk to achieving the obligations of the Agreement;
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c) The steps in the performance improvement process to be taken to mitigate the
impact of the Performance Factor; and

d) Whether revisions or amendments to a party's performance obligations are required.

10. Where a LAIN Performance Factor is not mutually resolved, the Minister will determine
the remedies to improve performance, depending on the extent, exposure or level of
risk.

Next ILTC LHIN Agreement

11, Both Parties will enter into a new agreement under section 18 of the LHSIA to be
effective at the end of the Agreement. If the new agreement is not signed by the Parties
by April 1, 2015 the Agreement will continue in force until the new agreement is signed.
Both Parties will make their best efforts to sign a new agreement as soon as they are
able.

General 

12. Any amendment to the Agreement will only be effective if it is in writing and signed by
the authorized representative(s) of each party.

13. The _ii N will not assign any duty, right or interest under the Agreement without the
written consent of the MOHLTC.

14, If a due date for materials falls on a weekend or on a holiday recognized by the
MOHLTC, the materials are due on the next business day.

15. Each Schedule applies to the 2013-15 fiscal years, unless stated otherwise in a
Schedule. Some of the performance obligations in a Schedule may apply only to one
fiscal year, as stated in that Schedule,

16. Each party will communicate with each other about matters pertaining to the Agreement
through the following persons:
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To the MOHLTC:
Ministry of Health and Long-Term Care,
Health System Accountability and Performance
Division
Hepburn Block, 5'h Floor
80 Grosvenor Street,
Toronto, ON M7A 1R3

Attention:
Assistant Deputy Minister,
Health System Accountability and Performance

Fax: (416) 212-1859
Telephone: (416) 212-1134
E-mail: Catherine.Brown@ontario.ca 

With a copy to:
Director, Local Health Integration Network
(LHIN) Liaison Branch
80 Grosvenor St,
5th Floor, Hepburn Block
Toronto, ON M7A 1R3

Fax: (416) 326-9734
Telephone: (416) 314-1864
E-mail: Kathryn,McCulloch@ontario.ca 

Made effective this 1s1 day of April, 2013 by:

To the LHIN:
South West Local Health Integration
Network
201 Queens Avenue, Suite 700
London, ON N6A 1J1

Attention: Chair

Fax: (519) 672-6562
Telephone: (519) 672-0445
Email: Jeff ,Low lh ins,on .ca

With a copy to:
South West Local Health Integration
Network
201 Queens Avenue, Suite 700
London, ON N6A 1J1

Attention: CEO

Fax: (519) 672-6562
Telephone: (519) 672-0445
Email: Michael,Barrett@lhins.on.ca

Her Majesty the Queen in right of Ontario, as
represented by the Minister of Health and Long-
Term Care:

fil   
The Honourable Deb Matthews
Minister of Health and Long-Term Care

South West Local Health Integration Network

By:
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SCHEDULE 1: GENERAL

Provincial Priorities and Strategies

1. The MOHLTC will establish provincial priorities and strategies for the health system and
communicate these priorities to the LHIN.

The LHIN will:

a) Work with the MOHLTC, health service providers and other providers in the local
health system to achieve and accelerate provincial priorities and strategies;

b) Work to align the Quality Improvement Plan objectives and priorities of its health
service providers to improve the quality of care across sectors and the healthcare
system.

8. Both parties will work together to develop a collaborative process to support current
and future service capacity planning so that decisions about local service provision will
advance provincial priorities and strategies.

Pr•ovirrciai Health Agencies

4. The MOHLTC will work with the following provincial health agencies to ensure they
equally consider the role of the LHINs as local health system managers:

a) Cancer Care Ontario;
b) eHealth Ontario;
c) Health Quality Ontario; and
d) Ontario Agency for Health Protection and Promotion ("Public Health Ontario").

5. The LHIN will work with the provincial health agencies listed in paragraph 4 of this
Schedule to support the fulfillment of provincial priorities and strategies.

Consistency 

5. The MOHLTC will identify common issues and services for which a consistent approach
across LillNs is required.

7, The LHIN will work collaboratively with other U-1111s, and in accordance with the MOU, tQ
ensure a consistent approach for common issues and services, including those identified
by the MOHLTC under paragraph 6 of this Schedule.

Local System Coordination and integration

8. The LHIN wilt work with its health service providers and other LHINs to improve
governance, coordination and integration of healthcare delivery across the continuum of
care both within and between LHINs.
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Co munit • En* rnent

t. The LIIIN will fulfill its community engagement requirements in accordance with the
LHIN Community Engagement Guidelines and Toolkit (dated February 2011) to ensure
greater clarity and transparency of process.

Information  Management

10. The 1VIOHLTC will:

a) Develop, maintain and support health data standards; communicate health data
reporting requirements and standards to the LHIN and health service providers;
advisenntorm health service providers of reporting and data quality issues; and
inform the LHINs and health service providers of reporting timelines;

b) Consult with the LHIN to identity LHIN data/information requirements that support
data infrastructure for LHIN operational needs, and prepare data sharing agreements
and / or amendments to existing agreements as required; and

c) Receive data and information from health service providers on behalf of the LHIN
and provide timely access to the appropriate data to support health system needs.

11. The WIN will:

a) Require health service providers to submit data and information as communicated by
the MOHLTC under subparagraph 10(a) of this Schedule to the MOHLTC, Canadian
Institute for Health Information, or other third party;

b) Identify LHIN data/information requirements to support the LHIN analysis at the local
level, and work collaboratively with the MOHLTC to develop appropriate
methodology, consistent data analysis and reporting; and

c) Work with health service providers to improve data quality and timeliness as
necessary.

12. Both parties will avoid duplicating data and information management infrastructure and
processes, determine and prioritize data and information products, and streamline
reporting requirements and timelines for the LHIN and health service providers.

Compliance Protocols

13. The MOHLTC will:

a) Retain its compliance, inspection and enforcement authorities under legislation; and

b) Inform the LHIN as soon as reasonably possible on matters related to compliance,
inspection and enforcement in LICHs and otherwise through a mutually agreeable
reporting schedule.
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14. The LHIN will:

a) Exercise its legislative and contractual authorities as necessary or as required under
law, including conducting or requiring audits and reviews of health service providers;
and

b) Inform the MOHLTC as soon as reasonably possible:

Of non-compliance by a health service provider with an assigned agreement, a
service accountability agreement or legislation that has not been resolved to the
LHIN's satisfaction; or

ii) Of a health service provider that is licensed or approved to operate a LTCH,

a) That is experiencing financial issues;

b) Where the LHIN is aware that there is risk to resident health and/Or safety
in a LTCH; or

c) Where the results of an audit or revievbf conducted or required by a LHIN
identify problems.

ellealth

15. The MOHLTC will:

a) Set technical and information management standards related to eHealth and
implementation / compliance timeframes for the interoperability of the health system
in Ontario, including standards related to content, architecture, technology, privacy
and security; and

b) Review annual LHIN Cluster eHealth plans as submitted by the LHINs.

16. The LHIN will:

a) Assist its respective LEIN Cluster to prepare an annual LHIN Cluster eHealth plan
that aligns with the provincial eHealth priorities for 2013-15, to be submitted to the
MOHLTC for review;

b) Include eHealth commitments in service accountability agreements requiring health
service providers to:

i) Assist the LHIN to implement provincial eHealth priorities for 2013-15;

i) Comply with any technical and information management standards, including
those related to data. architecture, technology, privacy and security, set for
health service providers by the MOHLTC or the LHIN within the timefrarnes set
by the MOHLTC or the LHIN, as the case may be;

iii) Implement and use the approved provincial eHealth soft lions identified in the
Cluster eHealth plan;
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iv) implement technology solutions that are compatible or interoperable with the
provincial blueprint and with the LHIN Cluster eHealth plan; and

v) Include, in their annual planning submissions, plans for achieving eHealth priority
initiatives, including full adoption by all hospitals of Ontario Laboratory
Information System by March 2015.

17. Both parties will work together, and in conjunction with eHealth Ontario arid Ontario
Telemedicine Network as appropriate, to:

et Participate in forums for the discussion of eHeaith issues at a provincial level to
identify options to support the roll out of eHealth initiatives and related eHealth
issues including local health system needs, challenges, and opportunities and
eHealth standards, definitions, and architectural frameworks; and

b) Inform one another of significant issues or initiatives that contribute to or have an
impact on provincial or local eHealth issues, strategies or work plans.

Capital

18. Both parties will:

a) Follow the November 2010 MOHLTC-LHIN Joint Review Framework for Early
Capital Planning Stages;

b) Work together during the term of the Agreement to develop a revised or updated
capital planning and delivery model for the early capital planning stages informed by
service capacity planning by the MOHLTC, the LHINs and other provincial health
agencies;

c) Follow the tv1OHLTC's current Health Infrastructure Renewal Fund Guidelines-, and

d) Work together to devolve the review and approval process for Own-Funds Capital
Projects from the MOHLTC to the LHIN, as appropriate.

E gem( Management

19. Both parties will work together to implement the approved policy: "The LHIN Role in
Emergency Management" (dated August 2012).

General  Performance Obligations

20. The MOHLTC will provide the LHIN with, and develop as appropriate, those provincial
standards such as operational, financial or service standards and policies, operating
manuals and program eligibility), directives and guidelines that apply to health service
providers, including providing the LHIN with relevant program manuals.
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21. The UM! will:

a) Require health service providers to provide services funded by the LHIN in
accordance with provincial standards, directives and guidelines provided pursuant to
paragraph 20 of this Schedule;

b) Provide certificates of compliance, or attestations as the case may be, to the
MOHLTC in form and substance as required by the MOHLTC;

c) Maintain the 10% reduction in executive office costs that it achieved between April 1,
2011 and March 31, 2013 against its 2010/11 budget;

d) Require its hospitals and CCAC to maintain the 10% reduction that they achieved
between April 1, 2011 and March 31, 2013 against their respective 2010/11 budgets;

e) Not use, nor permit its hospitals and CCAC to use, funding provided under the
Agreement to increase executive office budgeted costs during the term of the
Agreement; and

f) Report on their executive costs in an attestation to the MOHLTC, and require its
hospitals and its CCAC to report on their respective executive office costs in an
attestation to the MOHLTC.

22. Both parties will work together to ensure that government priorities and implementation
of provincial strategies are reflected in accountability planning submission templates,
service accountability agreements and schedules with health service providers and other
providers,

Annual  Review and ijdate

23. Both Parties agree to review and update the Schedules annually, as necessary to
better reflect the Primary Purpose, within 120 days of a budget announcement of the
Government of Ontario.
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SCHEDULE 2: LOCAL HEALTH SYSTEM PROGRAM SPECIFIC
MANAGEMENT

Pm ,air * Prot arns

The MOHLIC and the LHIN will establish a coordinated and effective system for the
management of provincial programs.

2. The MOHLTC will:

a) Identify provincial programs, determine any terms and conditions, including
dedicated aervice funding, related to these provincial programs and communicate
these to the LHIN; and

b) Establish:

(i) Roles and responsibilities related to provincial program delivery; and

(ii) Performance management, monitoring and evaluation processes,

The LHIN will fulfill requirements as may be identified under paragraph 2 of this
Schedule arid work with other LHINs to coordinate provincial program service delivery.

Other IVIOHLTc Programs

4. If the IVIOHLTC establishes expectations and requirements for other programs, it will
advise the LHIN.

5. The LHIN will require health service providers that provide the specific program to
provide program services in accordance with the expectations and requirements
established by the &11OHLTC.

Devolution 

6. The MOHLTC:

a) Will determine the devolution of province-wide programs to the LHINis;

b) Will consult with LHINs before identifying a Lead LHiN; and

c) May specify the terms and conditions applicable to the funding and administration of
the province-wide program after its devolution,

The LHIN will:

a) Administer the devolved prograrn in accordance with the "Agreement Concerning
the Devolution of Provincial Programs", also known as the Lead LHIN Model
Agreement and any terms and conditions specified by the MOHLTC: and
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b) Confirm any proposed changes to the Lead LHIN Model Agreement with the
MOHLTC prior to implementation.

Community Health Centres ("CHCs"1

8. The MOHLTC will support the development of Quality Improvement Plans by providing
the required templates, guidance and accompanying supports.

9. The LHIN will require each CHC to submit a Quality Improvement Plan to Health Quality
Ontario that is aligned with and supports local health system priorities.

Mental Health

10. The MOHLTC will:

a) Determine and advise the LHIN of the number of housing units that receive rent
supplements for persons with serious mental illness and the specific agencies that
receive the rent supplements for these units from the MOHLTC;

b) Determine and advise the LHIN of the required service levels for supports to housing
services for persons with serious mental illness who occupy the housing units that
receive rent supplements as described in subparagraph 10(a) of this Schedule;

c) For forensic mental health services, determine and advise the LHIN ot:

(i) the number and type of forensic mental health inpatient beds, the forensic case
management initiatives, and the Transitional Rehabilitation Housing Programs'
numbers and models;

(ii) the designated hospitals that provide forensic mental health services; and

(iii) the required service levels for forensic mental health services;

and

d) Determine and advise the LHIN of the type (adult or paediatric, inpatient, residential,
day treatment or outpatient) and quantity of specialty eating disorder services, where
applicable.

11. The UM will:

a) Fund the provision by health service providers of a combination ot community mental
health services for the local health system, including services for people who have
been in conflict with the criminal justice system;

b) Fund the provision by health service providers of the following services:

(i) Supports to housing services for persons who occupy the housing units that
receive rent supplements at the service levels as described in subparagraph
10(b) of this Schedule;
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(ii) forensic mental health services that include forensic mental health inpatient beds,
forensic case rnanageme,nt initiatives, and the Transitional Rehabilitation
Housing Programs at the service levels as described in subparagraph 10(c) of
this Schedule; and

(iii) specialty eating disorder services as described in subparagraph 10(d) of this
Schedule;

c) Require health service providers, designated as psychiatric facilities under the
Mental Health Act, to provide the essential mental health services in accordance with
the specific designation tor that site and discuss any material changes to the service
delivery models or service levels with the MOHLTC; and

d) Not make any changes to the types and/or levels of service as specified under
paragraph 10 of this Schedule without MOliLTC approval.

Addictions

12, The MOHLTC will:

a) Determine and advise the LHIN of type and quantity of problem gambling treatment
and prevention services;

b) Determine and advise the LHIN of the number of housing units that receive rent
supplements for persons with problematic substance use and the specific agencies
who receive the rent supplements for these units from the MOHLTC; and

c) Determine and advise the LHIN of the required service levels for supports to housing
services for persons with problematic substance use who occupy the housing units
that receive rent supplements as described in paragraph 12(b) of this Schedule.

13. The LHIN will:

a) Fund the provision by health service providers of the following services:

(i) Problem gambling treatment and prevention services as described in
subparagraph 12(a) of this Schedule;

(ii) Supports to housing services for persons who occupy the housing units that
receive rent supplements as described in subparagraph 12(c) of this Schedule;
and

(iii) A combination of substance abuse treatment services for the local health system;

and

b) Not make any proposed changes to types and/or levels of service as specified under
paragraph 12 of this Schedule without MOHLTC approval.
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SCHEDULE 3: LONG-TERIVI CARE HOMES
PROGRAM SPECIFIC MANAGEMENT

Definitions

1. Definitions below apply to Schedule 3: Long-Term Care Homes and Schedule 4:
Funding and Allocations:

"Acknowledgement and Consent Agreement" means an agreement entered into
between the MOHLTC, the operator of a LTCH, and one or more lenders or secured
parties, by which the MOHLTC consented to, or agreed to request a consent to, any of
the following: (a) a mortgage of real property associated with the LTCH, (b) an
assignment of a Development Agreement with the MOHLTC, and/or (c) an assignment
of a service agreement;

"Beds in Abeyance" means LTCH beds licensed or approved by the MOHLTC, for
which the LTC health service provider has obtained written permission from the Director,
PICK, in accordance with the LTCHA for the beds not to be available tor occupancy.;

"Construction Funding Subsidy per diem" or "CPS per diem" means any per diem
funding paid pursuant to a Development Agreement;

"Convalescent Care Beds" means those short-stay beds, licensed or approved under
the LTCHA, that are part of a short-stay convalescent care program for which residents
may be eligible for admission in accordance with regulations under the LTCHA;

"Development Agreement" means an agreement between the MOHLTC and a LTC
health service provider, or a proposed LTC health service provider, to develop, upgrade,
retrofit or redevelop LTCH beds;

"Funding Policies" means the funding and financial management policies determined
by the MOHLTC for LTCHs as the same may be amended from time to time. Funding
Policies establish the rates, and amounts and envelopes of all funding provided to LTC
health service providers by the MOHLTC or the LHIN, including Supplementary Funding.
Funding Policies also establish the applicable conditions for funding, the funding
reconciliation rules, and the form, manner and content and date for submission of
reports;

"Interim Beds" means those short-stay beds that are licensed or approved under the
LTCHA and that fall within the definition of "interim bed" in accordance with regulations
under the LTCHA;

"LTCH" means long-term care home;

"LTCH Protocol" means the document titled "Long-Term Care Homes Protocol" as
prepared and amended by the MOHLTC;

"LTCHA" means the Long-Term Care Homes Act, 2007 and regulations thereunder;

"LTC health service provider" means a health service provider that is a licensee within
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the meaning of subsection 2(1) of the LTCHA;

"Supplementary Funding" means funding for LTCH beds provided directly by the
MOHLTC to LTC health service providers in accordance with applicable Funding
Policies and pursuant to a funding agreement between MOHLTC and the LTC health
service provider;

"service agreement" means the agreement pursuant to which funding is provided to a
LTC health service provider and includes a service accountability agreement;

"service accountability agreement" means the service accountability agreement
between a LHIN and a LTC health service provider required by section 20 of the LHSIA;
and

"Short-Stay Respite Beds" means those short-stay beds, licensed or approved under
the LTCHA, that are part of a short-stay respite care program for which residents may be
eligible for admission in accordance with regulations under the LTCHA.

Funding

2. The IVIOHLIC will:

a) Determine and provide to the LHIN, the amount of funding that a LHIN may provide
to a LTC health service provider together with any applicable terms and conditions;

b) Determine any net projected unused funding for ail LHINs that, as of September 30
in each fiscal year, has not or is projected not to be used by LTC health service
providers;

c) Reallocate a share of the net projected unused funding to the LHIN if the LHIN is
projected to be overspent on its funding for the LTCH per diem rate;

d) If there is net projected unused funding remaining after the reallocation, allocate to
the LHIN by December 31 of each year a share of the unused funding in proportion
to the number of LTCH beds that are licensed or approved and in operation in the
LHIN's geographic area, other than (i) Beds in Abeyance and (ii) beds funded by the
LHIN pursuant to paragraphs 18 and 21 of this Schedule, compared to the provincial
total number of LTCH beds that are licensed or approved and in operation in the
Province, other than Beds in Abeyance and beds funded by all the LHINs pursuant
to paragraphs 18 and 21 of this Schedule to their respective Ministry LHIN
Performance Agreements; and

e) At its discretion, provide Supplementary Funding.

The LHIN will distribute and reconcile the funding provided under paragraph 2 of this
Schedule, pursuant to the terms of a service accountability agreement that is consistent
with and requires adherence to the Funding Policies and any additional terms and
conditions. For greater certainty, the LHIN may not provide any more funding to LTC
health service providers than is identified in paragraph 2 of this Schedule, except as
provided in the Funding Policies and this Schedule.
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If a LTC health service provider's beds are closed or transferred to another LHIN, or if a
LTC health service provider's licence expires, is surrendered or is revoked under the
LTCHA, the residual funding for the beds provided under subparagraph 2 (a) of this
Schedule reverts to the MOHLTC.

Construction Funding Subsidy (Fsi

5. The MOHLTC will:

a) Determine the CFS per diem and the LTC health service providers in the geographic
area of the LHIN that will receive the per diem. including any conditions on the
funding and the number of beds for which the LTC health service provider will
receive the CFS per diem; and

b) Provide the CFS per diem to the LHIN.

The LHIN will provide the CFS per diem to LTC health service providers for each
approved or licensed bed that is identified in paragraph 5 of this Schedule and operated
in accordance with the MOHLTC's conditions of funding, applicable legislation or
Development Agreement.

7. Every service accountability agreement entered into between the LHIN and the LTC
health service provider during the term of the Agreement and in the future will contain an
obligation on the LHIN to provide the CFS per diem to the LTC health service provider
for the length of time set out in the particular Development Agreement for the particular
beds.

Assignment of LTC Service Agreement

8. Where the MOHLTC has entered into an Acknowledgement and Consent Agreement
with a LTC health service provider and one or more lenders of the LTC health service
provider (Lender) prior to the proclamation of the LTCHA, the LHIN will treat the
MOHLTC's consent to assign the service agreement under the Acknowledgement and
Consent Agreement as if MOHLTC had provided the consent on behalf of the LHIN,

Where an Acknowledgement and Consent Agreement or a Development Agreement
between the MOHLTC and the LTC health service provider provides that the 1.40lileTC
will request the LHIN to consent to an assignment of the service agreement, to the
Lender or person designated by the Lender, the LHIN will consent to the assignment of
the service agreement to that person where the MOHLTC so requests, and the consent
shall be subject to terms and conditions similar to those of the Acknowledgement and
Consent Agreement or the Development Agreement as the case may be.

10. In addition, the LHIN will not unreasonably withhold consent requested from a Lender, or
from a receiver or receiver and manager appointed by a Lender or by a court order, to
assign its or the LTC health service provider's right, title and interest in the service
agreement or any part thereof or interest therein to another party, subject to all
applicable legislative requirements.
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11. Where the MOHLT

a) has entered into a Development Agreement with a LTCH health service provider or a
proposed LTCH health service provider (an "Operator); •

b) has consented to the grant of a security interest to a Lender under the Development
Agreement; and

c) has directed the LHIN to consent to the assignment of the Operator's rights under a
service accountability agreement,

then the LIMN;

d) Shall deliver to the Lender a cornmitn-lent, in the MOHLTC's standard form, to provide
the LHIN's consent to the assignment of the Operator's rights under the service
accountability agreement between the Operator and the LHIN;

e) Upon the grant of a licence to the Operator in respect of the Home, and for so long as a
CPS is to be paid in respect of the blame, shall consent to the grant of a security interest
in the service accountability agreement between the LHIN and the Operator in respect
of the Horne, provided that:

1) The security interest in the service accountability agreement may only be
exercised together with the exercise of a security interest in the licence for the
beds; and

2) The security interest is subject to all applicable statutory requirements and
restrictions, including section 107 of the LTCHA and sections 2(2), 10 and 20 of
the LHSIA; and

f) Shall amend section 15.8 of the service accountability agreement in respect of the
Home to remove the following sentence: "No assignment or subcontract shall relieve
the HSP from its obligations under the Agreement or impose any liability upon the
LHIN to any assignee or subcontractor,"

Beds in Abeyance

12, The MOHLTC will review and may approve Beds in Abeyance applications in
accordance with the Beds in Abeyance policy and LTCH Protocol.

13. In the event that an application is approved, the LHIN may seek and the MOHLTC may
grant permission to temporarily use the amount of funding available as a result of any
approved Beds in Abeyance applications. If the MOHLTC approves the LHIN's request,
the LHIN may use the funding in accordance with the approval, including any conditions
that may attach to the approval.

Short-Stay (rogram Beds 

14. The MOHLTC will:

a) Determine the minimum threshold for occupancy for Short-Stay Respite Beds to
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inform approval of these beds in accordance with the LTCH Protocol;

h) Determine the minimum number 0 Convalescent Care Beds and Interim Beds in the
Province;

c) In consultation with the LHIN, determine the LTC health service providers that will
provide the Convalescent Care Beds and the Interim Beds and the number of those
beds from the minimum number of beds determined in subparagraph (b) of this
paragraph; and

d) Set other conditions for the operation of Convalescent Care Beds and Interim Beds,

15. The LHIN will:

a) Take action as appropriate to improve the utilization of Short-Stay Respite Beds;

b) Have the ability to set, in its discretion, a threshold for occupancy of Short-Stay
Respite Beds that is higher than the minimum set by the MOHLTC pursuant to
subparagraph14 (a) of this Schedule;

c) Determine which LTC health service providers will provide Short-Stay Respite Beds
within the existing licensed or approved beds of each home and the number of such
beds;

d) Advise andfor make a proposal to MOHLTC about matters referred to In
subparagraph 14(c) of this Schedule;

e) Incorporate the conditions referred to in subparagraph 14(d) of this Schedule in
service accountability agreements;

f) At its discretion, request that the MOHLTC approve the conversion of existing
licensed or approved beds into Convalescent Care Beds additional to those identified
in subparagraphl4(b) of this Schedule in accordance with the LTCH Protocol; and

g) Provide from its allocation, all additional funding for the converted Convalescent
Care Beds approved by the MOHLTC pursuant to subparagraph 15(f) of this
Schedule to LTC health service providers in accordance with the Funding Policies,
including the additional subsidy for Convalescent Care Beds and the resident co-
payment portion of the base level-of-care per diem funding.

LHIN-Requested LTCH Beds

16. In paragraphs 17 and 18 of this Schedule 'TAN Requested LTCH Bede means, subject
to a determination under subparagraph 18(b) of this Schedule, a LTCH bed funded by
the LHIN out of its allocation, other than its allocation for LTCHs:

a) That would increase the bed capacity of an existing LTCH licence issued under
section 99, or an approval granted under section 130 of the LTCHA; or
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b) In the case of a development or redevelopment, that i s over and above the number
of LTCH beds that the MOHLTC has approved a LTC health service provider for
development or redevelopment.

17. The LHIN will:

a) At its discretion, request LHIN Requested LTCH Beds;

b) In its request identify (i) the number of LHIN Requested LTCH Beds requested; (ii)
the estimated amount of funding required to support the beds in accordance with the
Funding Policies, including Supplementary Funding and funding that would be paid
in accordance with paragraphs 3 and S of this Schedule; and (iii) where, subject to a
determination under subparagraph 18(b) of this Schedule, the funding will be found
within the LHIN's allocation, other than its allocation for LTCHs; and

c) Fund the LHIN Requested LTCH Beds in accordance with the Funding Policies and
paragraphs 3 and 6 of this Schedule if the LHIN's request for LHIN Requested LTCH
Beds is granted by the MOHLTC,

18. The MOHLIC will:

a) Consider the LHIN's request for LHIN Requested IJCH Beds and decide whether to
grant the request,

b) Determine the amount of funding, if any, that the MOHLIC may contribute;

c) Confirm the amount of the funding required to support the beds in accordance with
the Funding Policies, including Supplementary Funding and funding that would be
calculated pursuant to paragraphs 2 and 5 of this Schedule; and

d) Reallocate the confirmed funding from the sources identified by the LHIN try (I) the
LHIN's allocation for LTCH beds for all funding to be paid in accordance with
paragraphs 3 and 6 of this Schedule; and (ii) the MOHLTC's allocation for
Supplementary Funding when the LHIN Requested LTCH Beds are available tor
occupancy.

LHIN-Requested Temporary LTCH. Beds

19. In paragraphs 20 and 21 of this Schedule, ''LHIN Requested Temporary LTCH Beds"
means a LTCH bed for which the MOHLTC would issue a temporary licence in
accordance with section 111 of the LTCHA or increase the bed capacity of a temporary
licence in accordance with the LTCHA, on the condition that the LTCH bed will be
funded by the LHIN out of the LHIN's allocation, which may include funding approved for
temporary use under paragraph 13 of this Schedule,

20. The LHIN will:

a) At its discretion, make a request tor LHIN Requested Temporary LTCH Beds for a
term of no longer than 5 years;
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b) In its request identify (i) the number of LHIN Requested Temporary LTCH Beds
requested; (ii) the estimated amount of funding required to support the beds in
accordance with the Funding Policies, including Supplementary Funding and funding
that would be paid in accordance with paragraph 3 of this Schedule; and ( ii) where
the funding will be found within the LHIN's allocation; and

c) if the request is approved pursuant to paragraph 21 of this Schedule, provide the
funding identified in subparagraph 21(b) of this Schedule for the LHLN Requested
Temporary LTCH Beds in accordance with the Funding Policies for the term of the
temporary licence issued by the MOHLTC, including any increases in this funding
and Supplementary Funding after the date the temporary licence is issued by the
V1OHLTC for these beds.

21, The MOHLTC will:

a) Consider the LHIN's request for LHIN Requested Temporary LTCH Beds and decide
whether to grant the request;

b) Confirm the amount of funding required to support the beds in accordance with the
Funding Policies, including Supplementary Funding and the funding paid in
accordance with paragraph 3 of this Schedule.
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SCHEDULE 4 FUNDING and ALLOCAT NS

finitions

in this Schedule, the following terms have the following meanings:

"Annual Balanced Budget" means that, in a fiscal year, the total revenues are greater
than or equal to the total expenses, Further, for the LHIN, the meaning of annual
balanced budget is also subject to Public Sector Accounting Board (PSAB) rules as well
as any interpretations issued by the MOHLIC in financial management policies,
directives or guidelines under paragraph 8 of this 'Schedule.

"Health System Funding Reform (HSFR) Funding" is comprised of HBAfv1 Funding
and QBP Funding.

"Health Based Allocation Model (HBAM)" is a population health-based funding
methodology that uses population and clinical information to inform funding allocation.

"HBAM Funding" means the portion of funding allocated to a health service provider
based on the results of HBAM allocation methodology.

"Multi-year funding targets" means the funding targets for more than one fiscal year.

"Non-HSFR Funding" is the portion of hospital and community care access centre
funding net of HBFF1 Funding.

"Operating Budget" means the budget for the LHIN's corporate operations.

"Quality Based Procedures (QBP)" means the evidence-based funding determination
that uses a 'price times volume° methodology to calculate the funding for a targeted set
of specific patient groups/procedures.

"QBP Funding" means the portion of funding allocated to a health service provider as a
result of QBP analyses using QBP allocation methodology as communicated to the
LHINs by the Ministry from time to time.

"Transfer Payment Budget" means the budget for the LHIN's funding of health service
providers.

Funding

The government's overall provincial LHIN funding allocations that have been updated
from the 2013-14 Printed Estimates to include any additional funding to August 31, 2013
and any reallocations initiated by the 1..HINs are set out in the following tables, in this
Schedule:

a) Table 1 — Statement of Overall LHIN Provincial 2013-14 Funding Allocation
b) Table la — Statement of Overall LHIN Provincial 2013-14 Funding Allocation for

Hospitals and Community Care Access Centres
c) Table 3 — Statement of Overall LHIN Provincial 2013-14 Dedicated Service Funding
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by Sector,

The MOHLTC:

a) Will provide to the LHIN on September 20, 2013 the 2013-14 funding allocation that
has been updated from the 2013-14 Printed Estimates to include any additional
funding to August 31, 2013 and any reallocations initiated by the LHIN, set out in the
following tables in this Schedule:

(I) Table 2 - Statement of individual LHIN 2013-14 Funding Allocation
(ii) Table 2a - Statement of Individual LHIN 2013-14 Funding Allocation for

Hospitals and Community Care Access Centres
(Hi) Table 3a - Statement of Individual LHIN 2013-14 Dedicated Service Funding by

Sector;

b) As the LHIN makes funding allocation decisions at the sector level throughout the
year, will revise the Health Service Provider Transfer Payment Allocation by Sector -
Initiatives allocation in Table 2 in this Schedule to the appropriate sectors;

c) Will reconcile all funding provided to the LHIN under the Agreement on an annual
basis;

d) Will recover funding from the LHIN if the MOHLTC has advised the LHIN that the
particular funding is recoverable;

e) May set terms and conditions for any of the funding set out in the tables in this
Schedule, including the type of funding, whether the funding is subject to annual
adjustment, and whether and in what circumstances the funding may be recoverable
from the LHIN by the MOHLTC;

f) Has determined that HSFR Funding set out in Tables la and 2a is subject to annual
adjustment by the MOHLTC, and QBP Funding included in the HSFR Funding set
out in Tables is and 2a in this Schedule is subject to annual adjustment and is
recoverable by the MOHLTC; and

g) May require the LHIN to carry out certain initiatives.

4, The LHIN:

a) WiII allocate the funds provided by the MOHLTC for 2013-15, in accordance with the
LHSIA, the Agreement and any applicable terms and conditions of which the LHIN is
advised by the MOHLTC, including those set out in paragraph 3 of this Schedule;

b) Will carry out MOHLTC-required initiatives that may include:

(i) Aboriginal Community Engagement, French Language Health Services, French
Language Health Planning Entities, LHIN Shared Services Office, Diabetes
Regional Coordination Centre Program, Emergency/Alternative Level of Care
Performance Leads, Emergency Department LHIN Leads and Critical Care LHIN
Leads, as set out in Table 2 in this Schedule under LHIN Operating Allocation -
Initiatives; and
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(ii) Aging At Home, Urgent Priorities Fund, ALC Investment Behavioural Supports
Ontario Project and funding for Community Investment Initiatives as set out in
Table 2 in this Schedule under Health Service Provider Transfer Payment
Allocation -- Initiatives:

c) May, at its discretion, provide additional funding for the services for which Dedicated
Service Funding is identified; and

d) May, only with prior approval from the MOHLTC, reallocate unused Dedicated
Service Funding to another service. If the MOHLTC does not give approval, the
I HIN shall return unused Dedicated Service Funding to the MOHLTC.

Lonq-Term Care Homes

5. The funding allocations in Tables 1 and 2 for LTCHs are only estimates that are subject
to adjustment in accordance with the Funding Policies as defined in Schedule 3,
including adjustments for reconciliation, Beds in Abeyance, and Construction Funding
Subsidy per diem.

Annual Balanced Budgpt  Requirements

6. The LHIN will:

a) Plan for an Annual Balanced Budget for its operations and health service provider
transfer payments;

b) Achieve an Annual Balanced Budget for its operations; and

c) Require health service providers who receive funding through transfer
payments to achieve an Annual Balanced Budget,

1111.111:11221 r_Eladirmileguirernents

7. The LHIN will plan and manage LHIN forecasted expenses for the LH1Nis Operating and
Transfer Payment Budgets within the multi-year funding targets set out in this schedule
and the Multi-Year Funding Framework. Multi-year funding targets are to be used for
planning purposes only and may be revised upward or downward at the discretion of the
MOHLTC.

Financial Management Polices and Guidelines

8. The MOHLTC may develop and issue to the LHIN policies, directives and guidelines
related to financial management.

9. The LHIN will comply with all applicable legislation, including the Financial
Administration Act; any MOHLTC policies, directives and guidelines issued to the LHIN
related to financial management; and government financial management policies,
guidelines, and directives, including the following:

a) Multi-Year Funding Framework;
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b) Parameters for Financial Health Framework;
c) Fiscal Prudence through Contingency Planning Policy; and
d) Parameters for In-Year and Year-End Reallocations Policy.

Accounting Standards

10. The MOHLTC:

a) Will issue interpretations and modifications relating to Public Sector Accounting
Board (PSAB) standards, based on advice from the Office of the Provincial •
Controller; and

b) May review the documentation described in paragraph 11 of this Schedule during
regular business hours and upon twenty-four hours notice to the L111,

11. The LHIN will:

a) Prepare its financial reports and statements on its Operating and health service
provider Transfer Payment Budgets, including its Annual Business Plan, based on
the Public Sector Accounting Board (PSAB) standards, subject to interpretations and
modifications issued under paragraph 10 of this Schedule.

b) Maintain documentation to support all financial statements and related payment
instructions, including funding approval letters to health service providers and service
accountability agreements signed between the LHIN and its health service providers.
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Table 1: Statement of Overall LHIN Provincial 2013-14 Funding, Ailocation

Total !MIN Operating Allocation

2013-14 Funding
Allocation
(000s)

24,971,536.5
Total Heaith Service Provider (HSP)
Transfer Payment Allocation

Operation of LAIN 

initiatives

E-Health

24,881.083,6

63,920.2

26,532,7

.0

Total Heaith cenrice Previder Tr-nsfer Payment Allocation by Sector

2014-15 Funding
Allocation
(000s)

TBD

TBD

TBD

TBD

TBD

Operations of Hospitals 16,403,556.6 TBD
Grants to compensate for Municipal Taxation - 3,739.6 TBD
Public Hospitals

Long Term Care Homes 3,421,313.5 TED

Community Care Access Centres 2,215,870,7 TBD

Community Support Services 429,803.4 TBD

Acquired Brain injury 47,326.2 TBD

Assisted Living Services in Supportive Housing 236,922.4 TBD

Community Health Centres • 362,422.7 TBD

Community Mental Health 688,095.4 TBD

Addictions Prbgram • 174,462.5 TBD

Specialty Psychiatric Hospitals 608,035.4 TBD

Grants to Compensate for Municipal Taxation -
Psychiatric Hospitals

Initiatives 

126.3 TBD

289,408.9 TBD
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Table 1a: Statement of Overall LHIN Provincial 2013-14 Fundlag Allocation for Hospitals and
Community Care Access Centres

2013-14 Funding 201415 Funding
Allocation Allocation
(000s) W (000s)

Ho_vitals 16,403,556,5 TBD

Health System Funding Reform (HSFRL 6,268,996.7 TBD

Includes One-lime Mitigation Funding 

Non-HSFR

43,935.7 TBD

10,134,559.8 TBD

CommunitLCare  Access  Centre 2,215,870.7 TBD 

Health System Funding Reform (HSFR) 599,997.7 TBD

Includes One-time Mitigation Funding 3,335.3 TBD

Non-HSFR 1,615,873.0 TBD ,,.

The amounts in this table are included in Table 1 under the respective sectors.
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Table 2: Statement individual LHIN 2013-14 Funding Allocation

2013-14 Funding
Allocation
(000s)

2014-15 Funding
Allocation
(000s)

Total L Operating Atiocation 2,229,111.6

Total Health Service Provider (HSP)
Transfer Payment Allocation

Operation of LHIN

2,222,624,3

4,895,7

Initiatives 1,591.6

E-Health

Total Health Service Provider Transfer Payment Allocation by Sector

TBD

TBD

TBD

TBD

TBD

Operations of Hospitals

Grants to compensate for Municipal Taxation —
Public Hospitals

1,559,323.6

451,5

Long Term Care Homes 309,872.8

Community Care Access Centres

Community Support Services

Acquired Brain Injury

190,402.6

Assisted Living Services in Supportive Housing

Community Health Centres

Community Mental Health

Addictions Prograrn

Specialty Psychiatric Hospitals

Grants to Compensate for Municipal Taxation -
Psychiatric Hospitals

Initiatives

34,650.2

4,634.1

17,341.2

17,874.7

51,652.7

10,509.2

25,911.7

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD

TBD
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Table 2a: Statement of Individual 2013-14 Funding Allocation for Hospitals and Community Care
Access Centres

2013-14 Funding
Allocation
(000$) (/)

2014-15 Funding
Allocation
(000s) ")

[
Hospitals 1,559,323.6 TBD

1 Health System Funding Reform (HSFR) 560.505.2
m

TBD 

1 includes One-time Mitigation Funding 21,715.4 TBD, 

1 Non-HSFR 998,818.4 TBC)
-
Community Care Access Centre 190,402.6 TBD

Health System Funding Reform (HSFR) 51,295.8 TBD

includes One-time Mitigation Funding, - TBC)

Non-HSFR 139.106.8 TBD

The amounts in this table are included in Table der the respective sectors.
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Table 3: Statement of Overall LAIN Provincial 2013-14 Dedicated Service Funding by Sector

2013-14 Dedicated
Service Funding

Ailocation

Hospitals

Post Construction Operating Plan

Community Health Centres

MID

Uninsured Persons Services $4,075,382

Mental Health

Consumer Survivor Initiatives C.4 ,1 'WI nor
42 i 0.0./VV,V0V

Addictions ' 
_

L__ Problem Gambling Treatment Services $11,083,282______
Community Care Access Centres

School Health Professional and Personal Support Services $84,091,615

Other

Compensation Under Specified Initiatives / Agreements w $85,191,853

includes CHC physician salaries and psychiatric sessional fees for community and hospital-based agencies.
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Table 3a: Statement of Individual WIN 2013-14 Dedicated Service Funding by Sector

2013-14 Dedicated
Service Funding

Allocation

Hospitals

Post Construction Operating Plan

Community Health Centres

Uninsured Persons Services

Mental Health

Consumer Survivor Initiatives

Addictions

Problem Gambling Treatment Services

Community Care Access Centres

School Health Professional and Personal Support Services

Other

Compensation Under Specified initiatives I Agreements (ij

1 includes CHC physician salaries and psychiatric sessional fees for community and hospital-based agencies.
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SCHEDULE 5: LOCAL HEALTH SYSTEM PERFORMANCE

Definitions

1. In this Schedule, the following terms have the following meanings:

"LAIN baseline" means the result at a given time for a performance indicator that
provides a starting point for measuring changes in local health system performance and
for establishing LHIN targets for future local health system performance;

"LHIN target" means a planned result for 8f7indicator against which actual results can
be compared;

"Performance indicator" means a measure of local health system performance for
which a LHIN target will be set, and the LHIN will be held accountable for achieving
results under the terms of the Agreement for the local health system in connection with a
performance indicator;

"Provincial target" means an optimal performance result for an indicator, which may be
based on expert consensus, performance achieved in other jurisdictions, or provincial
expectations;

"CTAS" means Canadian Emergency Department Triage and Acuity Scale; and

"CMG" means Case Mix Group.

General Obligations

Under the LIASIA and the Commitment to the Future of Medicare Act, 2()1 the LHIN will
measure and plan to improve performance at the local level through service
accountability agreements with health service providers.

Specific Obligations

3. The MOHLTC will:

a) Calculate the results for the performance indicators set out in Tables 1, 2 and 3;

b) Provide the LHIN with calculated results for the performance indicators by the
release dates set out in Schedule 6, and supporting performance information as
requested by the LHIN, such as the performance r.►t health service providers; and

c) Provide the LHIN with technical documentation for the performance indicators set out
in Tables 1, 2 and 3, including the methodology, inclusions and exclusions,

4. The LHIN will:

a) Work to achieve the LHIN's performance targets for the performance indicators set
out in Tables 1, 2 and 3;

In) Report quarterly on the performance of the local health system on all performance
indicators; and
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c) Report on the performance of the local health system on all performance indicators in
the LHIN Annual Report,

Table 1: Performance Indicators

• Objective; To enhance person-centred care

• Expected Outcome: Persons will experience improved access to healthcare services identified below in
alignment with best practices.

INDICATOR Provincial target 
LON 

Baseline2013-14

90th Percentile Emergency Room (ER) Length of
Stay for Admitted Patients

90th Percentile EFI Length of Stay for Non--
Admitted Complex (CTAS I-111) Patients

90th Percentile ER Length of Stay for Non
Admitted Minor Uncomplicated (CTAS IV-V)
Patients 

Percent of Priority IV Cases Completed Within
Access Target for Cancer Surgery *

8 hours

8 hours

4 hours

23,80 hours

6.50 hours

3.77 hours

•

IN Target
2013-14

23.50 hours

6.50 hours

3.90 hours

Priority IV: 84 days

Percent of Priority IV Cases Completed Within
Access Target for Cardiac By 

Priority IV: 90 days-Pass Procedures *

Percent of Priority IV Cased Completed Within
Access Target for Cataract Surgery *

Priority IV: 182 days

91%

99.6%

97%

90%

90%

90%

Percent of Priority IV Cases Completed Within
Access Targets for Hip Replacement *

Percent of Priority IV Cases Completed Within
Access Target tor Knee Replacement -

m -

Priority IV: 182 days

Percent of Priority IV Cases Completed Within
Access Target for MRI Scan "

Percent of Priority IV Cases Completed Within
Access Target for Diagnostic CT
Scan * L.

89% 90%

Priority IV :182 days 83% 90%
.... ,............................„.........................,...4....."...._____,.......,,,.....,

Priority IV : 28 days 45% ,
1 60%

...l. ......................

Priority IV : 28 days 90% 90a/0

* The reporting for these indicators has been revised starting 2013/14. Previous Agreements included the 90m
percentile wait time for these surgical and diagnostic imaging services.
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Table 2: Performance Indicators

• Obiective: To improve system integration and enhance coordination of care while ensuring better transitions

to various care settings.

• Expected Outcome: Persons will be able to navigate the healthcare system and receive the care they need,

when and where they need it.

INDICATOR

Percentage of Alternate Level of Care (ALC) Days

Provincial target

9.48%

1.1-11N1 Baseline
2013-14 

10.51%

fltlth Percentile Vki.it Time from rommunity for
CCAC in-Home Services — Application from
Community Setting to first CCAC Service
(excluding case management)

Wait Time from When CCAC Receives Application
to Long Term Care Home to When Assessment for
Eligibility is Completed

TBD

TBD

WIN Target
2013-14

9.46%

26 days 24 days

* New indicator tor 2013/14. The MOHLIC and the will monitor performance in 201'3/14 and work together to
refine quality and ueirsteitcy of dale. Targets will be established starling 2014/15.

_ .
Table 3: Performance Indicators

.,

Objective: To implement evidence based practice to drive quality and value and improve health outcomes

q Expected Outcome: Persons will receive quality inpatient care and coordinated post-discharge care, leading

to reduced readmission rates that may improve survival, quality of life and other outcomes without

increasing cost.

INDICATOR Provincial target
LiliN Baseline

2013.14
P .M Target
2013-14

Readmissions within 30 days for Selected CMGs TS[) 16,81% 15.10%

Repeat Unscheduled Emergency Visits within 30
days for Mental Health Conditions •

TBD 15.60% 15.60%

Repeat Unscheduled Emergency Visits within 30
days for Substance Abuse Conditions •

TBD 31.90%
I

28.60%

The methodology for these indicators has been revised starting 2013/14. Results may not be comparable io the
previous Agreement.
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SCHEDULE 6: Ir4TEGRATED REPORTING

General Obligations

1, The MOHLTC and the LHIN will report to each other as set out in Table 1.

2. The MOHLTC will:

a) Provide any necessary training, instructions, materials, data, templates, forms, and
guidelines to the LHIN to assist with the completion of the reports listed in Table 1;
and

b) As required, develop reporting requirements relating to government priorities and
notify the LH N of the requirements.

Both parties will:

a) Work together to ensure a timely flow of information, including financial records, to
fulfill the reporting requirements of both parties; and

b) Finalize the Annual Business Plan within 120 days of a budget announcement by the
Government of Ontario as part of the annual review set out in Schedule 1: General,
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Table 1: MOHLTC and LHIN Reporting Obligations (2013/14)

April 16, 2013

rtptfotVottte"

1°-,FacI

APRIL

MOHLTC will provide to the LHIN a Year End Report confirming the
expenditures and revenue related to its transfer payments as of March 31 of
the preceding fiscal year

April 30, 2013
MOHLTC will provide to the LHIN the forms for the Year-end Consolidation
Report

April 30, 2013

April 30, 2013

The LHIN will submit to the MOHLTC a Quarterly Expense Report using the
forms provided by the MOHLTC

The will submit to the MOHLTC an Attestation as required under the
Broader Public Sector Accountability Act (BPSAA)

May 13, 2013

May 14, 2013

MAY
. '

MOHLTC will provide the LHIN with the most recent quarter of data for
indicators in Schedule 5: Local Health System Performance

MOHLTC will provide to the LHIN a Year End Report with updated 
expenditures and revenue related to its transfer payments as of March 31 of
the preceding fiscal year

May 17, 2013
The MOHLTC will provide to the LHIN for planning and reporting purposes the
initial preliminary allocation for 2013-'14

May 31, 2013

June 3, 2013

The LHIN will submit to the MOHLTC the year-end consolidation report using
forms provided by the MOHLTC and the draft Audited Financial Statement if
the signed statements are not ready by May 31 of each fiscal year to which the
Agreement applies

On or about the 7'
working day (date may
vary on IFIS GL close
as advised by the
MOHLTC)

JUNE

The LHIN will submit to the MOHLTC a report on performance indicators using
the forms provided by the MQHLTC

MOHLTC will make the expenditure and revenue report available to the LHIN
in APTS for the LHIN's review

June 28, 2013

June 28, 2013

June 2, 2013

The LHIN will submit to the MQHLTC 01 Regular and Consolidation Report
using the forms provided by the MOHLTC

The LHIN will submit to the MOHLTC an Annual Report for the previous fiscal
year in accordance with MOHLTC requirements

The LHIN will submit to the MOHLTC a Board approved report on consultant
use for the previous fiscal year using the template provided in the Minister's
Directive under the BPSAA
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JULY

July 31,2013 
The LHIN will submit to the MOHLTC a Quarterly Expense Report using the
forms provided by the fv1OHLTC

The LHIN will submit to the tv1OHLTC an Attestation as required under theJuly 31,2013 BPSAA

AUGUST

The MOHLTC will provide to the LHIN the most recent quarter of performanceAugust 12, 2013 
data for indicators in Schedule 5: Local Health System Management

The MOHLTC will provide the preliminary approved allocation for the current
August 15, 2013 fiscal year, as of July 31, 2013

MOHLTC will provide to the LHIN the forms and information requirements forAugust 30, 2013 
the Multl-year Consolidation Report

SEPTEMBER

September 3, 2013 E The LHIN will submit to the MOHLTC a report on performance indicators using
the forms provided by the MOHLTC

On or about the 7th -
working day (date may The MOHLTC will make the expenditure and revenue report available to thevary on IFIS GL close

LHIN in APTS for the LHIN's review
as advised by the
MOHLTC)

The LHIN will submit to the MOHLTC 02 Regular and Consolidation Report
September 30, 2013 using the forms provided by the MOHLTC

The MOHLTC will provide to the LHIN the forms and information requirements
September 30, 2013 for the 2014/15 Annual Business Plan

OCTOBER

October 31, 2013 (or
da
meet central 

agte necessary 
ency 
to The LHIN will submit to the MOHLTC a Multi-year Consolidation Report using

the form provided by the MOHLTC
reporting requirements
as advised by the
MOHLTC)

The LHIN will submit to the MOHLTC an Attestation as required under theBy October 31, 2013 BPSAA

The LHIN will submit to the MOHLTC a Quarterly Expense Report using the
October 31, 2.013 forms provided by the MOHLTC

NOVEMBER

MOHLTC will provide to the LHIN the most recent quarter of performance data
November 12, 2013 

for indicators in Schedule 5: Local Health System Management

DECEMBER

December 2, 2013
The LHIN will submit to the MOHLTC a report on pe a :ance indicators using
the forms provided by the MOHLTC
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On or about the rh
working day (date may
vary on IFIS GL close
as advised by the
MOHLTC)

  ,
, . %.  ••s*A ,‘ % sp 3 ,t ,,,,,,, $

The MOHLTC will make the expenditure and revenue report available to the
LHIN in APTS for the LHIN's review

December 31, 2013
LHIN will submit to the MOHLTC Q3 Regular and Consolidation Report
including final year-end forecast using the forms provided by the MOHLTC

JANUARY

January 31, 2014 MOHLTC, will provide the LHIN with year-end instructions (including templates)

By January 31, 2014 The LHIN will submit to the MOHLTC an Attestation required under the BPSAA

January 31, 2014
The LHIN will submit to the MOHLTC a Ouarterty Expense Report using the
forms provided by the MOHLTC

FEBRUARY __. „_.. .... . .

February 10, 2014

February 14 2014, 

MOHLTC will provide the LHIN with most recent quarter of performance data
for indicators in Schedule 5: Local Health System Performance

MOHLTC will provide to the LHIN the forms and requirements for the Annual
Report (non-financial content)

February 28, 2014
The LHIN will submit to the MOHLTC a Draft 2014115 Annual Business Plan
using the forms provided by the MOHLTC

March 3, 2014

MARCH

The LHIN will submit to the MOHLTC a report on performance indicators using
the forms provided by the MOHLTC

March 28, 2014
MOHLTC will provide to the LHIN the forms for the Annual Report (financial
content)

,

— 

April 15, 2014

April 15, 2014

.. ..., _

AF'HIL
,

MOHLTC will provide to the LHIN a Year End Report confirming the
expenditures and revenue related to its transfer payments as of March 31 of
the preceding fiscal year

The LHIN will submit to the MOHLTC Year End Reallocation Report on actual
expenditures related to in-year reallocations as of March 31 of the preceding
fiscal year

April 30, 2014

By April 30, 2014

MOHLTC will provide to the LHIN the forms for the Year-end Consolidation
Report

The LHIN will subrnit to the MOHLTC an Attestation as required under the
BPSAA

April 30, 2014

......_i
I The LHIN will submit to the MOHLTC a Expense Report using the forms
provided by the MOHLTC
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MAY

May t 2, 2014
The fv1OHLTC will provide to the LHIN the most recent quarter of performance
data for indicators in Schedule 5: Local Health System Performance

May 3, 2014
MOHLTC will provide to the LHIN a Year End Report with updated
expenditures and revenue related to its transfer payments as of March 31, of
the preceding fiscal year

May 16, 2014
The MOHLTC will provide to the LHIN for planning and reporting purposes the
initial greliminary allocation for 2014-15

May 30, 2014 (or date
necessary to meet
central agency
reporting requirements
as advised by the
MOHLTC)

The LHIN will submit to the MOHLTC the year-end consolidation report using
forms provided by the MOHLTC and the draft Audited Financial Statement if
the signed statements are not ready by May 31 of each fiscal year to which the
Agreement applies

JUNE

June 2, 2014

On or about the
working day (date may The MOHLTC will make the expenditure and revenue report available to the
vary on IFIS GI.. close LHIN in APTS for the LHIN's reviewas advised by the
MOHLTC)

The LHIN will submit to the MOHLTC a report on performance indicators using
the forms provided by the MOHLTC

June 30, 2014

June 30, 2014

June 30, 2014

The LHIN will submit to the MOHLTC 01 Regular and Consolidation Report
using the forms provided by the MOHLTC

The LHIN will submit to the MOHLTC an Annual Fleport for the previous fisca
year in accordance with MOHLTC requirements

The LHIN will submit to the MOHLTC a Board approved report on consultant
use for the previous fiscal year using the template provided in the Minister's
Directive under the BPSAA

JULY

The LHIN will submit to the MOHLTC a Quarterly Expense Report using the
forms provided by the MOHLTC

The LHIN will submit to the MOHLTC an Attestation as required under the
PSAA

AUGUST

The MOHLTC will provide to the U-IIN the most recent quarter of performance
data for indicators in Schedule 5: Local Health System Management

The MOHLTC will provide the preliminary approved allocation for the current
fiscal year, as of July 31, 2014

MOHLTC will provide to the LHIN the forms and information requirements for
the Multi-year Consolidation Report
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SEPTEMB "R

September 20142, 

On or about the 7'
working day (date may
vary on IFIS Gt. close
as advised by the
MOHLTC)

The LHIN will submit to the MQHLTC a report on performance indicators using
the forms provided by the MOHLTC

The MQHLTC will make the expenditure and revenue report available to the
LHIN in APTS for the LHIN's review

September 30, 2014
The ' rill will submit to the Moil-it Tr! n9 P.clUlar and Consolidation Report. , ,
using the forms provided by the MOHLTC '

September 30, 2014
The MOHLTC will provide to the LHIN the corms and information requirements
for the 2014/15 Annual Business Plan

I October 31, 2014 (or
date necessary to
meet central agency
reporting requirements
as advised by the
MOHLTC)

OCTOBER

The LHIN will submit to the MOHLTC a Multi-year Consolida-tion Report using
the form provided by the MQHLTC

By October 31, 2014
The LHIN will submit to the MQHLTC an Attestation as required under the
BPSAA

October 31, 24314
The LHIN will submit to the MOHLTC a Quarterly Expense Report using the
forms provided by the MQHLTC

NOVEMBER

November 12 2014
MOHLTC will provide to the LHIN)the most recent quarter of performance data
for indicators in Schedule 5: Local Health System Management

DECEMBER

December 3, 2014
The LHIN will submit to the MOHLTC a report on performance indicators using
the forms provided by the MOHLTC

On or about the 7°)
working day (date may
vary or)IFIS GL close
as advised by the
MQHLTC)

The MOHLTC will mate the expenditure and revenue report available to the
RN in APTS for the LHIN's review

DeCtifilher 31, 2014
LHIN will submit to the MQHLTC 03 Regular and Consolidation Report
including  final year-end forecast using the forms provided by the MOHLTC

___ --

January 30, 2015

By January 30, 2015

JANUARY

MQHLTC will provide the LHIN with year-end instructions (including templates)

The LAIN wilt submit to the MOHLTC an Attestation required under the BPSAA
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January 30, 2015

February 10, 2015

4k4

The LHIN will submit to the MOHLTC a Quarterly Expense Report using the
forms provided by the MOHLTC

FEBRUARY. • •

MOHLTC will provide the LHIN with most recent quarter of performance data
for indicators in Schedule 5: Local Health System Performance

o

February 13, 2015
MOHLTC will provide to the LHIN the forms and requirements for the Annual
Report (non-financial content)

February 28, 2015
The LHIN will submit to the MOHLTC a Draft 2015/16 Annual Business Plan
using the forms provided by the MOHLTC

MARCH

March 3, 2015

March 27, 2015

The LHIN will submit to the MOHLTC a report on performance indicators using
the forms provided by the MOHLTC

MOHLTC will provide to the LHIN the forms for the Annual Report (financial
content)
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This is Exhibit "C" referred to in the Affidavit of Dr. Michael
Hillmer sworn August 29, 2018

ommissioner for Taking Affidavits (or as may be)

Jessica Taylor Kra, a Cain Grier,
Province of Ontario,
while a Student-al-Law
Expires May 30, 2020.
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THIS SERVICE ACCOUNTABILITY AGREEMENT effective as of April 1, 2013

BETWEEN:

SOUTH WEST LOCAL HEALTH INTEGRATION NETWORK (the "LHIN")

AND

Caressant-Care Nursing and Retirement Homes Limited (the "HSP")

IN RESPECT OF:

Caressant Care Woodstock Nursing Home located at

81 Fyfe Avenue, Woodstock, Ontario, N4S 8Y2 (the "Home")

Background:

The Local Health System Integration Act, 2006 requires that the LHIN and the HSP enter into a
service accountability agreement. The service accountability agreement supports a
collaborative relationship between the LHIN and the HSP to improve the health of Ontarians
through better access to high quality health services, to co-ordinate health care in local health
systems and to manage the health system at the local level effectively and efficiently.

In this context, the HSP and the LHIN agree that the LHIN will provide funding to the HSP on
the terms and conditions set out in this Agreement to enable the provision of services to the
local health system by the HSP.

1.1

ARTICLE 1.0- DEFINITIONS & INTERPRETATION

Definitions. in this Agreement the following terms will have the following meanings:

"Act" means the Long-Term Care Homes Act, 2007 and the regulations made under the
L.ong Term Care Homes Act, 2007 as it and they may be amended from time to time;

"Accountability Agreement" refers to this Agreement in place between the Minister and
the LHIN pursuant to the terms of s. 18 of LHSIA;

"Agreement' means this agreement and includes the Schedules and any instrument
amending this agreement or the Schedules;

"Annual Balanced Budget" means that, in each calendar year of the term of this
Agreement, the total expenses of the HSP in respect of the Services are less than or
equal to the total revenue of the HSP in respect of the Services.

"Applicable Law" means all federal, provincial or municipal laws, orders, rules, regulations,
common law, licence terms or by-laws, and includes terms or conditions of a licence or
approval issued under the Act, that are applicable to the HSP, the Services, this Agreement
and the Parties' obligations under this Agreement during the term of this Agreement;
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"Applicable Policy" means any orders, rules, policies, directives or standards of
practice issued or adopted by the LHIN, by the MOHLTC or by other ministries or
agencies of the province of Ontario that are applicable to the HSP, the Services, this
Agreement and the Parties' obligations under this Agreement during the term of this
Agreement. Without limiting the generality of the foregoing, Applicable Policy includes
the Design Manual and the Long Term Care Funding and Financial Management
Policies and all other manuals, guidelines, policies and other documents listed on the
Policy Web Pages as those manuals, guidelines, policies and other documents may be
amended from time to time;

"Approved Funding" has the meaning ascribed to it in Schedule B;

"Beds" means the long term care home beds that are licensed or approved under the
Act and identified in Schedule A, as the same may be amended from time to time;

"Board" means in respect of an HSP that is:
(i) a corporation, the board of directors;
(ii) A First Nation, the band council;
(iii) a municipality, the committee of management;
(iv) a board of management established by one or more municipalities or by

one or more First Nations' band councils, the members of the board of
management;

(v) a partnership, the partners;
(vi) a sole proprietorship, the sole proprietor.

"BPSAA" means the Broader Public Sector Accountability Act, 2010, and the regulations
made under the Broader Public Sector Accountability Act, 2010 as it and they may be
amended from time to time;

"CEO" means the individual accountable to the Board for the provision of the Services in
accordance with the terms of this Agreement;

"CFMA" means the Commitment to the Future of Medicare Act, 2004, and the
regulations made under the Commitment to the Future of Medicare Act 2004, as it and
they may be amended from time to time;

"Compliance Declaration" means a compliance declaration substantially in the form set
out in Schedule "En;

"Confidential Information" means information that is (i) marked or otherwise identified
as confidential by the disclosing Party at the time the information is provided to the
receiving Party; and (ii) eligible for exclusion from disclosure at a public board meeting in
accordance with section 9 of LHSIA. Confidential Information does not include
information that (a) was known to the receiving Party prior to receiving the information
from the disclosing Party; (b) has become publicly known through no wrongful act of the
receiving Party; or (c) is required to be disclosed by law, provided that the receiving
Party provides Notice in a timely manner of such requirement to the disclosing Party,
consults with the disclosing Party on the proposed form and nature of the disclosure,
and ensures that any disclosure is made in strict accordance with Applicable Law;
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"Conflict of Interest" in respect of an HSP, includes any situation or circumstance
where: in relation to the performance of its obligations under this Agreement

(i) the HSP;
(ii) a member of the HSP's Board or
(iii) any person employed by the HSP who has the capacity to influence the

HSP's decision,

has other commitments, relationships or financial interests that:

(iv) could or could be seen to interfere with the HSP's objective, unbiased and
impartial exercise of its judgement; or

(v) could or could be seen to compromise, impair or be incompatible with the
effective performance of its obligations under this Agreement;

"Construction Funding Subsidy" has the meaning ascribed to it in Schedule B;

"controlling shareholder" of a corporation means a shareholder who or which holds (or
another person who or which holds for the benefit of such shareholder), other than by
way of security only, voting securities of such corporation carrying more than 50% of the
votes for the election of directors, provided that the votes carried by such securities are
sufficient, if exercised, to elect a majority of the board of directors of such corporation.

"Days" means calendar days;

"Design Manual" means the MOHLTC design manual in effect and applicable to the
development, upgrade, retrofit or redevelopment of the Home or Beds subject to this
Agreement;

"Director" has the same meaning as the term "Director" in the Act;

"Effective Date" means April 1, 2013;

"e-Health" means the coordinated and integrated use of electronic systems, information
and communication technologies to facilitate the collection, exchange and management
of personal health information in order to improve the quality, access, productivity and
sustainability of the healthcare system.

"Explanatory Indicator" means a measure of HSP performance for which no
Performance Target is set. Technical specifications of specific Explanatory Indicators
can be found in the "L-SAA 2013-16 Indicator Technical Specifications" document.

"FIPPA" means the Freedom of Information and Protection of Privacy Act, Ontario and
the regulations made under the Freedom of Information and Protection of Privacy Act,
Ontario, as it and they may be amended from time to time;

"Funding" means the amounts of money provided by the LHIN to the HSP in each
Funding Year of this Agreement. Funding includes Approved Funding and Construction
Funding Subsidy;

"Funding Year" means in the case of the first Funding Year, the period commencing on
the January 1 prior to the Effective Date and ending on the following December 31, and

4
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in the case of Funding Years subsequent to the first Funding Year, the period
commencing on the date that is January 1 following the end of the previous Funding
Year and ending on the following December 31;

"Home" means the building where the Beds are located and for greater certainty,
includes the Beds and the common areas and common elements which will be used at
least in part, for the Beds, but excludes any other part of the building which will not be
used for the Beds being operated pursuant to this Agreement;

"HSF"s Personnel" means the controlling shareholders (if any), directors, officers,
employees, agents, volunteers and other representatives of the HSP. In addition to the
foregoing HSP's Personnel shall include the contractors and subcontractors and their
respective shareholders, directors, officers, employees, agents, volunteers or other
representatives;

"Indemnified  Parties" means the LHIN and its officers, employees, directors,
independent contractors, subcontractors, agents, successors and assigns and her
Majesty the Queen in Right of Ontario and her Ministers, appointees and employees,
independent contractors, subcontractors, agents and assigns. Indemnified Parties also
includes any person participating on behalf of the LHIN in a Review.;

"Interest Income" means interest earned on the Funding;

"Licence" means one or more of the licences or the approvals granted to the HSP in
respect of the Beds at the Home under Part VII or Part VIII of the Act;

"LHSIA" means the Local Health System Integration Act, 2006 and the regulations
under the Local Health System Integration Act, 2006 as it and they may be amended
from time to time;

"Minister" means the Minister of Health and Long-Term Care;

"MOHLTC" means the Minister or the Ministry of Health and Long-Term Care, as is
appropriate in the context;

"Notice" means any notice or other communication required to be provided pursuant to
this Agreement, LHS1A, the Act or the CFMA;

"Party" means either of the LHIN or the HSP and "Parties" mean both of the LHIN and
the HSP;

"Performance Agreement" means an agreement between an HSP and its CEO that
requires the CEO to perform in a manner that enables the HSP to achieve the terms of
this Agreement;

"Performance Corridor means the acceptable range of results around a Performance
Target;

"Performance Factor "means any matter that could or will significantly affect a Party's
ability to fulfill its obligations under this Agreement;
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"Performance Indicator" means a measure of HSP performance for which a
Performance Target is set; Technical specifications of specific Performance Indicators
can be found in the "L-SAA 2013-16 Indicator Technical Specifications" document;

"Performance Standard" means the acceptable range of performance for a
Performance Indicator or a Service Volume that results when a Performance Corridor is
applied to a Performance Target;

"Performance Target" means the level of performance expected of the HSP in respect
of a Performance Indicator or a Service Volume;

"Planning Submission" means the planning document submitted by the HSP to the
LHIN. The form, content and scheduling of the Planning Submission will be identified by
the LHIN;

"Policy Web Pages" means the web pages available at www.healthmov.on.ca/Isaapolicies,
and at'www:health.gov.on.ca/erssldpolitiaue or such other URLs or Web pages as the LHIN
or the Ministry may advise from time to time. Capital policies can be found at
Htto.//www.health.govon.ca/englishheroviders/orogram/Itc redev/awardeeoperator.html;

"RAI MDS Tools" means the standardized Resident Assessment Instrument — Minimum
Data Set (RAI MDS") 2.0, the RAI MDS 2.0 User Manual and the RAI MDS Practice
Requirements, as the same may be amended from time to time;

"Reports" means the reports described in Schedule C as well as any other reports or
information required to be provided under LHSIA, the Act or this Agreement;

"Resident" has the meaning ascribed to the term "resident" under the Act;

"Review means a financial or operational audit, investigation, inspection or other form
of review requested or required by the LHIN under the terms of LHSIA or this
Agreement, but does not include the annual audit of the HSP's financial statements;

"Schedule" means any one of, and "Schedules" mean any two or more, as the context
requires, of the schedules appended to this Agreement and includes:

A. Description of Home and Beds
B. Additional Terms and Conditions Applicable to the Funding Model
C. Reporting Requirements
D. Performance
E. Form of Compliance Declaration

"Services" means the operation of the Beds and the Home and the accommodation,
care, programs, goods and other services that are provided to residents (i) to meet the
requirements of the Act; (ii) to obtain Approved Funding; and (iii) to fulfill all
commitments made to obtain a Construction Funding Subsidy.

"Service Volume" means a measure of Services for which a Performance Target is set.

1.2 Interpretation. Words in the singular include the plural and vice-versa. Words in one
gender include both genders. The headings do not form part of this Agreement. They are
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for convenience of reference only and will not affect the interpretation of this Agreement.
Terms used in the Schedules shall have the meanings set out in this Agreement unless
separately and specifically defined in a Schedule in which case the definition in the
Schedule shall govern for the purposes of that Schedule.

ARTICLE 2.0 - TERM AND NATURE OF THIS AGREEMENT

2.1 Term. The term of this Agreement will commence on the Effective Date and will expire
on the earlier of (i) March 31, 2016 or (ii) the expiration or termination of all Licences,
unless this Agreement is terminated earlier or extended pursuant to its terms.

2.2 A Service Accountability Agreement. This Agreement is a service accountability
agreement for the purposes of subsection 20(1) of LHSIA and Part III of the CFMA.

2.3 Notice. Notice, was given to the HSP that the LHIN intended to enter into this
Agreement. The HSP hereby acknowledges receipt of such Notice in accordance with
the terms of the CFMA.

2.4 Prior Agreements. The parties acknowledge and agree that all prior agreements for
the Services are terminated.

ARTICLE 3.0 - PROVISION OF SERVICES

3.1 Provision of Services.

(a)
with:

The HSP will provide the Services in accordance with, and otherwise comply

(i) the terms of this Agreement;
(ii) Applicable Law; and
(iii) Applicable Policy.

(b) Unless otherwise provided in this Agreement, the HSP will not reduce, stop, start,
expand, cease to provide or transfer the provision of the Services except with Notice to
the LHIN and if required by Applicable Law or Applicable Policy, the prior written consent
of the LHIN.

(c) The HSP will not restrict or refuse the provision of Services to an individual, directly
or indirectly, based on the geographic area in which the person resides in Ontario.

3.2 Subcontracting for the Provision of Services.

(a) The Parties acknowledge that, subject to the provisions of the Act and LHSIA,
the HSP may subcontract the provision of some or all of the Services. For the purpose
of this Agreement, actions taken or not taken by the subcontractor and Services
provided by the subcontractor will be deemed actions taken or not taken by the HSP and
Services provided by the HSP.

(b) When entering into a subcontract the HSP agrees that the terms of the
subcontract will enable the HSP to meet its obligations under this Agreement. Without
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limiting the foregoing, the HSP will include a provision that permits the LHIN or its
authorized representatives, to audit the subcontractor in respect of the subcontract if the
LHIN or its authorized representatives determines that such an audit would be
necessary to confirm that the HSP has complied with the terms of this Agreement.

(c) Nothing contained in this Agreement or a subcontract will create a contractual
relationship between any subcontractor or its directors, officers, employees, agents,
partners, affiliates or volunteers and the LHIN.

3.3 Conflict of Interest. The HSP will use the Funding, provide the Services and otherwise
fulfil its obligations under this Agreement without an actual, potential or perceived Conflict
of Interest. The HSP will disclose to the LHIN without delay any situation that a
reasonable person would interpret as an actual, potential or perceived Conflict of interest
and comply with any requirements prescribed by the LHIN to resolve any Conflict of
Interest.

3.4 E-health/Information Technology Compliance. The HSP agrees to

(i) comply with any technical and information management standards, including
those related to architecture, technology, privacy and security set for health
service providers by the MOHLTC, eHealth Ontario or the LHIN within the
timeframes set by the MOHLTC or the LHIN as the case may be;

(ii) implement and use the approved provincial e-health solutions identified in the
LHIN e-health plan; and

(iii) implement technology solutions that are compatible or interoperable with the
provincial blueprint and with the LHIN e-health plan.

ARTICLE 4.0 - FUNDING

4.1 Funding. Subject to the terms of this Agreement, and in accordance with the
applicable provisions of the Accountability Agreement, the LHIN will provide the Funding
by depositing the Funding in monthly instalments over the Term, into an account
designated by the HSP provided that the account resides at a Canadian financial
institution and is in the name of the HSP.

4.2 Conditions of Funding

(a) The HSP will:

(i) use the Funding only for the purpose of providing the Services in
accordance with the terms of this Agreement;

(ii) not use the Funding for compensation increases prohibited by Applicable
Law;

(iii) meet all obligations in the Schedules;
(iv) fulfill all other obligations under this Agreement; and
(v) maintain an Annual Balanced Budget.

(b) Interest Income will be reported to the LHIN and is subject to a year-end reconciliation.
The LHIN may deduct the amount equal to the Interest Income from any further funding
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instalments under this or any other agreement with the HSP or the LHIN may require the
HSP to pay an amount equal to the unused Interest Income to the Ministry of Finance.

4.3 Limitation on Payment of Funding. Despite section 4.1, the LHEN:

(i) will not provide any funds to the HSP until this Agreement is fully executed;

(ii) may pro-rate the Funding if this Agreement is signed after the Effective Date;

(iii) will not provide any funds to the HSP until the HSP meets the insurance
requirements described in section 11.4;

(iv) will not be required to continue to provide funds

(a) if the Minister or the Director so directs under the terms of the Act;
(b) while the Home is under the control of an Interim Manager pursuant to s.

157 of the Act; or
(c) in the event the HSP breaches any of its obligations under this

Agreement until the breach is remedied to the LH1N's satisfaction; and

(iv) may adjust the amount of funds it provides to the HSP in any Funding Year
pursuant to Article 5.

4.4 Additional Funding. Unless the LHIN has agreed to do so in writing, the LHIN is not
required to provide additional funds to the HSP for providing services other than the
Services or for exceeding the requirements of Schedule D.

4.6 Additional Terms and Conditions. The LHIN may add such further terms or conditions
on the use of the Funding as are required for the LHIN to meet its obligations under the
Accountability Agreement, Applicable Law or Applicable Policy as the same may be
amended during the Term.

4.6 Appropriation. Funding under this Agreement is •conditional upon an appropriation of
moneys by the Legislature of Ontario to the MOHLTC and funding of the LHIN by the
MOHLTC pursuant to LHSIA, If the LHIN does not receive its anticipated funding the
LHIN will not be obligated to make the payments required by this Agreement.

4.7 Procurement of Goods and Services.

(a) If the HSP is subject to the procurement provisions of the BPSAA, the HSP will
abide by all applicable directives and guidelines issued by the Management Board of
Cabinet.

(b) If the HSP is not subject to the procurement provisions of the BPSAA, the HSP
will have a procurement policy in place that requires the acquisition of supplies,
equipment or services valued at over $25,000 through a competitive process that
ensures the best value for funds expended. If the HSP acquires supplies, equipment or
services with the Funding it will do so through a process that is consistent with this
policy.

4.8 Disposition. The HSP will not sell, lease or otherwise dispose of any assets purchased
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with Funding, except as may be required by Applicable Law or otherwise in accordance
with Applicable Policy.

ARTICLE 5.0 — ADJUSTMENT AND RECOVERY OF FUNDING

5.1 Adjustment of Funding.

(a) The LHIN may adjust the Funding in any of the following circumstances:

in the event of changes to Applicable Law or Applicable Policy that affect
Fending;

(ii) on a change to the Services;

(iii) if required by either the Director or the Minister under the Act;

(iv) in the event that a breach of this Agreement is not remedied to the
satisfaction of the LHIN; and

(v) as otherwise permitted by this Agreement.

(b) Funding recoveries or adjustments required pursuant to 5.1(a) may be
accomplished through the adjustment of Funding, requiring the repayment of Funding
and/or through the adjustment of the amount of any future funding installments.
Approved Funding already expended properly in accordance with this Agreement will not
be subject to adjustment. The LHIN will, at its sole discretion, and without liability or
penalty, determine whether the Funding has been expended properly in accordance with
this Agreement.

(c) In determining the amount of a funding adjustment under 5.1 (a) (iv) or (v), LHIN
shall take into account the following principles:

(i) resident care must not be compromised through a funding adjustment
arising from a breach of this Agreement;

(ii) the HSP should not gain from a breach of this Agreement;
(iii) if the breach reduces the value of the Services, the funding adjustment

should be at least equal to the reduction in value; and
(iv) the funding adjustment should be sufficient to encourage subsequent

compliance with this Agreement;

and such other principles as may be articulated in Applicable Law or. Applicable Policy
from time to time.

5.2 Provision for the Recovery of Funding. The HSP will make reasonable and prudent
provision for the recovery by the LHIN of any Funding for which the conditions of
Funding set out in subsection 4.2(a) are not met and will hold this Funding in an interest
bearing account until such time as reconciliation and settlement has occurred with the
LHIN.

5.3 Settlement and Recovery of Funding for Prior Years.
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(a) The HSP acknowledges that settlement and recovery of Funding can occur up to
seven years after the provision of Funding.

(b) Recognizing the transition of responsibilities from the MOHLTC to the LHIN, the
HSP agrees that if the Parties are directed in writing to do so by the MOHLTC, the LHIN
will settle and recover funding provided by the MOHLTC to the HSP prior to the
transition of the funding for the Services to the LHIN, provided that such settlement and
recovery occurs within seven years of the provision of the funding by the MOHLTC. All
such settlements and recoveries will be subject to the terms applicable to the original
provision of funding.

5.4 Debt Due.

(a) If the LHIN requires the re-payment by the HSP of any Funding the amount
required will be deemed to be a debt owing to the Crown by the HSP. The LHIN may
adjust future funding instalments to recover the amounts owed or may, at its discretion,
direct the HSP to pay the amount owing to the Crown and the HSP shall comply
immediately with any such direction.

(b) All amounts repayable to the Crown will be paid by cheque payable to the
"Ontario Minister of Finance and mailed or delivered to the LHIN at the address
provided in section 13.1.

5.5 Interest Rate. The LHIN may charge the HSP interest on any amount owing by the HSP at
the then current interest rate charged by the Province of Ontario on accounts receivable.

ARTICLE 6.0 — PLANNING & INTEGRATION

6.1 Planning for Future Years.

(a) Advance Notice. The LHIN will give at least sixty Days Notice to the HSP of
the date by which a Planning Submission, approved by the HSP's governing body, must
be submitted to the LHIN.

(b) Multi-Year Planning. The Planning Submission will be in a form acceptable to
the LHIN and may be required to incorporate (i) prudent multi-year financial forecasts; (ii)
plans for the achievement of Performance Targets; and (iii) realistic risk management
strategies. It will be aligned with the LHIN's then current Integrated Health Service Plan
and will reflect local LHIN priorities and initiatives. If the LHIN has provided multi-year
planning targets for the HSP, the Planning Submission will reflect the planning targets.

(c) Multi-year Planning Targets. The Parties acknowledge that the HSP is not
eligible to receive multi-year planning targets under the terms of Schedule B in effect as
of the Effective Date. In the event that Schedule B is amended over the Term and the
LHIN is able to provide the HSP with multi-year planning targets, the HSP acknowledges
that these targets are: (A) targets only, (B) provided solely for the purposes of planning,
(C) are subject to confirmation and (D) may be changed at the discretion of the LHIN.
The HSP will proactively manage the risks associated with multi-year planning and the
potential changes to the planning targets. The LHIN agrees that it will communicate any
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material changes to the planning targets as soon as reasonably possible.

(d) Service Accountability Agreements. Subject to advice from the Director
about the HSP's history of compliance under the Act and provided that the HSP has
fulfilled its obligations under this Agreement, the parties expect that they will enter into a
new service accountability agreement at the end of the Term. The LHIN will give the
HSP at least six months' Notice if the LHIN does not intend to enter into negotiations for
a subsequent service accountability agreement because the HSP has not fulfilled its
obligations under this Agreement. The HSP acknowledges that if the LHIN and the HSP
enter into negotiations for a subsequent service accountability agreement, subsequent
funding may be interrupted if the next service accountability agreement is not executed
on or before the expiration date of this Agreement.

6.2 Community Engagement & Integration Activities

(a) Community Engagement. The HSP will engage the community of diverse
persons and entities in the area where it provides health services when setting priorities
for the delivery of health services and when developing plans for submission to the LHIN
including but not limited to the HSP's Planning Submission and integration proposals.

(b) Integration. The HSP will, separately and in conjunction with the LHIN and
other health service providers, identify opportunities to integrate the services of the local
health system to provide appropriate, co-coordinated, effective and efficient services.

(c) Reporting. The HSP will report on its community engagement and integration
activities as requested by the LHIN and in any event, in its Q4 Performance Report to
the LHIN.

6.3 Planning and Integration Activity Pre-proposals.

(a) General: A pre-proposal process has been developed to (i) reduce the costs
incurred by an HSP when proposing operational or service changes; (ii) assist the HSP
to carry out its statutory obligations; and (iii) enable an effective and efficient response
by the LHIN. Subject to specific direction from the LH1N, this pre-proposal process will
be used in the following instances:

(i) the HSP is considering an integration, or an integration of services, as
defined in LHSIA between the HSP and another person or entity;

(ii) the HSP is proposing to reduce, stop, start, expand or transfer the
location of Services;

(iii) to identify opportunities to integrate the services of the local health
system, other than those identified in (i) or (ii) above; or

(iv) if requested by the LHIN.

(b) LHIN Evaluation of the Pre-proposal: Use of the pre proposal process is not
formal Notice of a proposed integration under s. 27 of LHSIA. LHIN consent to develop
the project concept outlined in a pre-proposal does not constitute approval to proceed
with the project. Nor does LHIN consent to develop a project concept presume the
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issuance of a favourable decision, should such a decision be required by section 25 or
27 of LHSIA. Following the LH IN's review and evaluation, the HSP may be invited to
submit a detailed proposal and a business plan for further analysis. Guidelines for the
development of a detailed proposal and business case will be provided by the LHIN.

(c) Where an HSP integrates its services with those of another person and the
integration relates to services funded in whole or in part by the LHIN, the HSP will follow
the provisions of s. 27 of LHS1A. Without limiting the foregoing, a transfer of services
from the HSP to another person or entity is an example of an integration to which s. 27
may apply.

6.4 Proposing Integration Activities in the Planning Submission. No integration activity
described in subsection 6.3 may be proposed in a Planning Submission unless the LHIN
has consented, in writing, to its inclusion pursuant to the process set out in 6.3.

6.5 Termination of Designation of Convalescent Care Beds.

(a) Notwithstanding s. 6.3, the provisions in this sub article 6.5 apply to the
termination of a designation of convalescent care Beds.

(b) The HSP may at any time terminate the designation of the convalescent care
Beds and revert them back to long-stay Beds by giving thirty (30) calendar days prior
written notice of termination to the Ministry and to the LHIN. A convalescent care Bed
will revert to a long-stay Bed on the later of thirty (30) calendar days after the HSP has
given the notice of termination, or on the day that the resident who is occupying that
convalescent care Bed has been discharged from that Bed.

(c) The LHIN may terminate the designation of the convalescent care Beds at any
time, upon giving at least sixty (60) calendar days' written notice to the HSF'. A
convalescent care Bed will revert to a long-stay Bed on the later of sixty (60) calendar
days after the LHIN has given the notice of termination, or on the day that the resident
who is occupying that convalescent care Bed has been discharged from that Bed.

6.6 In this Article 6, the terms "integrate", "integration" and "services" have the same
meanings attributed to them in subsection 2(1) and section 23 respectively of LHSIA, as
it and they may be amended from time to time.

"service" includes,

(a) a service or program that is provided directly to people,
(b) a service or program, other than a service or program described in clause (i),

that supports a service or program described in that clause, or
(c) a function that supports the operations of a person or entity that provides a

service or program described in clause (i) or (ii).

"integrate includes,

(i) to co-ordinate services and interactions between different persons and entities,
(ii) to partner with another person or entity in providing services or in operating,
(iii) to transfer, merge or amalgamate services, operations, persons or entities,
(iv) to start or cease providing services,
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(v) to cease to operate or to dissolve or wind up the operations of a person or entity,

and "integration" has a similar meaning;

ARTICLE 7.0 - PERFORMANCE

7.1 Performance. The Parties will strive to achieve on-going performance improvement.
They will address performance improvement in a proactive, collaborative and responsive
manner.

7.2 Performance Factors.

(a) Each Party will notify the other Party of the existence of a Performance Factor,
as soon as reasonably possible after the Party becomes aware of the Performance
Factor. The Notice will:

(i) describe the Performance Factor and its actual or anticipated impact;
(ii) include a description of any action the Party is undertaking, or plans to

undertake, to remedy or mitigate the Performance Factor;
(iii) indicate whether the Party is requesting a meeting to discuss the

Performance Factor; and
(iv) address any other issue or matter the Party wishes to raise with the other

Party.

(b) The recipient Party will provide a written acknowledgment of receipt of the Notice
within seven Days of the date on which the Notice was received ("Date of the Notice").

(c) Where a meeting has been requested under 7.2(a) the Parties agree to meet and
discuss the Performance Factors within fourteen Days of the Date of the Notice, in
accordance with the provisions of subsection 7.3.

7.3 Performance Meetings. During a meeting• on performance, the Parties will:
(i) discuss the causes of a Performance Factor;
(ii) discuss the impact of a Performance Factor on the local health system and the

risk resulting from non-performance; and
(iii) determine the steps to be taken to remedy or mitigate the impact of the

Performance Factor (the "Performance Improvement Process").

7.4 The Performance Improvement Process.

(a) The Performance Improvement Process will focus on the risks of non-
performance and problem-solving. It may include one or more of the following actions:

(I) a requirement that the HSP develop and implement an improvement plan
that is acceptable to the LHIN;

(ii) the conduct of a Review;
(iii) a revision and amendment of the HSP's obligations; and or
(iv) an in-year, or year end, adjustment to the Funding;

among other possible means of responding to the Performance Factor or improving
performance.
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(b) Any performance improvement process begun under a prior service
accountability agreement that was not completed under the prior agreement will continue
under this Agreement, Any performance improvement required by a LHIN under a prior
service accountability agreement will be deemed to be a requirement of this Agreement
until fulfilled or waived by the LHIN.

ARTICLE 8.0 - REPORTING, ACCOUNTING AND REVIEW

8.1 Reporting

(a) Generally. The LHIN's ability to enable its local health system to provide
appropriate, co-ordinated, effective and efficient health services as contemplated by
LHSIA, is heavily dependent on the timely collection and analysis of accurate
information. The HSP acknowledges that the timely provision of accurate information
related to the HSP, its Residents and its performance of its obligations under this
Agreement, is under the HSP's control.

(b) Specific Obligations. The HSP

(c)

(i) will provide to the LHIN, or to such other entity as the LHIN may direct, in
the form and within the time specified by the LHIN, the Reports other than
personal health information as defined in subsection 31 (5) of the CFMA,
that (i) the LHIN requires for the purposes of exercising its powers and
duties under this Agreement, LHSIA or for the purposes that are
prescribed under LHSIA, or (ii) may be requested under the CFMA;

(11) will comply with the applicable reporting standards and requirements in
both Chapter 9 of the Ontario Healthcare Reporting Standards and the
RAI MDS Tools;

(iii) will fulfil the specific reporting requirements set out in Schedule C;

(iv) will ensure that every Report is complete, accurate, signed on behalf of
the HSP by an authorized signing officer where required and provided in
a timely manner and in a form satisfactory to the LHIN; and

(v) agrees that every Report submitted by or on behalf of the HSP, will be
deemed to have been authorized by the HSP for submission.

RAI!IVIDS. Without limiting the foregoing, the HSP

(i) will conduct quarterly assessments of Residents, and all other
assessments of Residents required by the RAI/MDS Tools, using the RAI/
MDS Tools;

(ii) will ensure that the RAI-MDS Tools are used correctly to produce an
accurate assessment of the HSP's Residents (RAI MDS Data);
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(iii) will submit the RAI-MDS Data to the Canadian Institute for Health
Information in an electronic format at least quarterly in accordance with
the submission guidelines set out by CIHI; and

(iv) acknowledges that if used incorrectly, the RAI-MDS Tools can increase
Funding beyond that to which the HSP would otherwise be entitled. The
HSP will therefore have systems in place to regularly monitor, evaluate
and where necessary correct the quality and accuracy of the RAI-MDS
Data.

(d) French Language Services. If the HSP is required to provide services to the
public in French Under the provisions of the French Language Services Act, the HSP will
be required to submit a French language services report to the LHIN. If the HSP is not
required to provide services to the public in French under the provisions of the French
Language Service Act, it will be required to provide a report to the LHIN that outlines
how the HSP addresses the needs of its local Francophone community.

(e) Declaration of Compliance. On or before March 1 of each Funding Year, the
Board will issue a Compliance Declaration declaring that the HSP has complied with the
terms of this Agreement. The form of the declaration is set out in Schedule E and may
be amended from time to time through the term of this Agreernent.

Financial Reductions. Notwithstanding any other provision of this Agreement,
and at the discretion of the LH1N, the HSP may be subject to a financial reduction if any
of the Reports are received after the due date, are incomplete, or are inaccurate where
the errors or delay were not as a result of either LH1N actions or inaction or the actions
or inactions of persons acting on behalf of the LHIN. If assessed, the financial reduction
will be taken from funding designated for this purpose in Schedule B as follows:

(i) if received within 7 days after the due date, incomplete or inaccurate, the financial
penalty will be the greater of (i) a reduction of 0,02 percent (0,02%) of the Funding;
or (ii) two hundred and fifty dollars ($250.00); and

(ii) for every full or partial week of non-compliance thereafter, the rate will be one
half of the initial reduction,

8.2 Reviews.

(a) During the term of this Agreement and for seven (7) years after the term of this
Agreement, the HSP agrees that the LHIN or its authorized representatives may conduct
a Review of the HSP to confirm the HSP's fulfillment of its obligafions under this
Agreement. For these purposes the LHIN or its authorized representatives may, upon
twenty-four hours' Notice to the HSP and during non-nal business hours enter the HSP's
premises to:

(i) inspect and copy any financial records, invoices and other financially-related
documents,other than personal health information as defined in subsection 31(5)
of the CFMA, in the possession or under the control of the HSP which relate to
the Funding or otherwise to the Services; and

(ii) inspect and copy non-financial records,other than personal health information as
defined in subsection 31(5) of the CFMA, in the possession or under the control
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of the HSP which relate to the Funding, the Services or otherwise to the
performance of the HSP under this Agreement.

(b) The cost of any Review will be borne by the HSP if the Review (i) was made
necessary because the HSP did not comply with Applicable Law or Policy; or (ii)
determines that the HSP has not fulfilled its obligations under Applicable Law or Policy. .

(c) To assist in respect of the rights set out in (b) above the HSP shall disclose any
information requested by the LHIN or its authorized representatives, and shall do so in a
form requested by the LHIN or its authorized representatives.

(d) The HSP may not commence a proceeding for damages or otherwise against
any person with respect to any act done or omitted to be done, any conclusion reached
or report submitted that is done in good faith in respect of a Review..

(e) HSP's obligations under sub article 8.2 will survive any termination or expiration
of this Agreement.

8.3 Document Retention and Record Maintenance. The HSP will

(i) retain all records (as that term is defined in FIPPA) related to the HSP's
performance of its obligations under this Agreement for seven (7) years after the
termination or expiration of the term of this Agreement. The HSP's obligations
under this paragraph will survive any termination or expiry of this Agreement;

(ii) keep all financial records, invoices and other financially-related documents
relating to the Funding or otherwise to the Services in a manner consistent with
either generally accepted accounting principles or international financial reporting
standards as advised by the HSP's auditor; and

(iii) keep all non-financial documents and records relating to the Funding or
otherwise to the Services in a manner consistent with all Applicable Law.

8.4 Disclosure of Information.

(a) FIPPA. The HSP acknowledges that the LHIN is bound by FIPPA and that any
information provided to the LHIN in connection with this Agreement may be subject to
disclosure in accordance with FIPPA.

(b) Confidential Information. The Parties will treat Confidential Information as
confidential and will not disclose Confidential Information except with the consent of the
disclosing Party or as permitted or required under FIPPA, the Municipal Freedom of
Information and Protection of Privacy Act, the Personal Health Information Protection
Act, the Act, court order, subpoena or other Applicable Law. Notwithstanding the
foregoing, the LHIN may disclose information that it collects under this Agreement in
accordance with LHSIA and the CFMA.

8.5. Transparency. The HSP will post a copy of this Agreement and each Compliance
Declaration submitted to the LHIN during the term of this Agreement in a conspicuous
and easily accessible public place at the Home and on its public website if the HSP
operates a public website.
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8.6 Auditor General. For greater certainty the LHIN's rights under this article are in addition
to any rights provided to the Auditor General under the Auditor General Act (Ontario),

ARTICLE 9.0 - ACKNOWLEDGEMENT OF LHIN SUPPORT

9.1 Publication. For the purposes of this Article 9, the term "publication" means any
material on or concerning the Services that the HSP makes available to the public,
regardless of whether the material is provided electronically or in hard copy. Examples
include a web-site, an advertisement, a brochure, promotional documents and a report.
Materials that are prepared by the HSP in order to fulfil its reporting obligations under
this 'Agreement are not included in the term "publication".

9.2 Acknowledgment of Funding Support.

(a) The HSP agrees all publications will include

(i) an acknowledgment of the Funding provided by the LHIN and the
Government of Ontario. Prior to including an acknowledgement in any
publication, the HSP will obtain the LHIN's approval of the form of
acknowledgement. The LHIN may, at its discretion, decide that an
acknowledgement is not necessary; and

(ii) a statement indicating that the views expressed in the publication are the
views of the HSP and do not necessarily reflect those of the LHIN or the
Government of Ontario.

(b) The HSP shall not use any insignia or logo of Her Majesty the Queen in right of
Ontario, including those of the LHIN, unless it has received the prior written
permission of the LHIN to do so.

ARTICLE 10.0 — REPRESENTATIONS, WARRANTIES AND COVENANTS

10.1 General. The HSP represents, warrants and covenants that:

(i) it is, and will continue for the term of this Agreement to be, a validly existing legal
entity with full power to fulfill its obligations under this Agreement;

(ii) it has the experience and expertise necessary to carry out the Services;

(iii) it holds all permits, licences, consents intellectual property rights and
authorities necessary to perform its obligations under this Agreement;

(iv) all information that the HSP provided to the LHIN in its Planning Submission or
otherwise in support of its application for funding was true and complete at the
time the HSP provided it, and will, subject to the provision of Notice otherwise,
continue to be true and complete for the term of this Agreement;

(v) it has not and will not for the term of this Agreement, enter into a non-arm's
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transaction that is prohibited by the Act; and

(vi) it does, and will continue for the term of this Agreement to, operate in compliance
with all Applicable Law and Applicable Policy.

10.2 Execution of Agreement. The HSP represents and warrants that:

(i)
(ii)

it has the full power and authority to enter into this Agreement; and
it has taken all necessary actions to authorize the execution of the
Agreement.

10.3 Governance.

(a) The HSP represents warrants and covenants that it has established, and will
maintain for the period during which this Agreement is in effect, policies and procedures:

(i) that set out a code of conduct for, and that identify the ethical obligations
of HSP's Personnel;

(ii) To ensure the ongoing effective functioning of the HSP;
(iii) for effective and appropriate decision-making;
(iv) for effective and prudent risk-management, including the identification

and management of potential, actual and perceived conflicts of interest;
(v) for the prudent and effective management of the Funding;
(vi) to monitor and ensure the accurate and timely fulfillment of the HSP's

obligations under this Agreement and compliance with the Act and
LHSIA;

(vii) to enable the preparation, approval and delivery of all Reports; and
(viii) to address complaints about the provision of Services, the management

or governance of the HSP.

(b) The HSP represents and warrants that it:

(i) has, or will have within 60 days of the execution of this Agreement, a
Performance Agreement with its CEO.

(ii) will take all reasonable care to ensure that its CEO complies with the
Performance Agreement; and

(iii) will enforce the HSP's rights under the Performance Agreement.

10.4 Funding, Services and Reporting. The HSP represents warrants and covenants that

(a) The Funding is, and will be continued to be, used only to provide the Services in
accordance with the terms of this Agreement:

(b) the Services are and will continue to be provided:

(i) by persons with the expertise, professional qualifications, licensing and
skills necessary to complete their respective tasks and

(ii) in compliance with Applicable Law and Applicable Policy; and

(c) Every Report is, and will continue to be, accurate and in full compliance with the
provisions of this Agreement, including any particular requirements applicable to
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the Report.

10.5 Supporting Documentation. Upon request, the HSP will provide the LHIN with proof of
the matters referred to in this Article.

ARTICLE 11.0 - LIMITATION OF LIABILITY, INDEMNITY & INSURANCE

11.1 Limitation of Liability. The Indemnified Parties will not be liable to the HSP or any of
the HSP's Personnel for costs, losses, claims, liabilities and damages howsoever
caused (including any incidental, indirect, special or consequential damages, injury or
am loss of use or profit of the HSP) arising out of or in any way related to the Services
or otherwise in connection with this Agreement, unless caused by the gross negligence
or wilful act of any of the Indemnified Parties.

11.2 Same. For greater certainty and without limiting subsection 11.1, the LHIN is not liable
for how the HSP and the HSP's Personnel carry out the Services and is therefore not
responsible to the HSP for such Services. Moreover the LHIN is not contracting with or
employing any HSP's Personnel to carry out the terms of this Agreement. As such, it is
not liable for contracting with, employing or terminating a contract with or the
employment of any HSP's Personnel required to carry out this Agreement, nor for the
withholding, collection or payment of any taxes, premiums, contributions or any other
remittances due to government for the HSP's Personnel required by the HSP to carry
out this Agreement.

11.3 Indemnification. The HSP hereby agrees to indemnify and hold harmless the
Indemnified Parties from and against any and all liability, loss, costs, damages and
expenses (including legal, expert and consultant costs), causes of action, actions,
claims, demands, lawsuits or other proceedings, (collectively "Claims"), by whomever
made, sustained, brought or prosecuted, including for third party bodily injury (including
death), personal injury and property damage, in any way based upon, occasioned by or
attributable to anything done or omitted to be done by the HSP or the HSP's Personnel
in the course of the performance of the HSP's obligations under, or otherwise in
connection with, this Agreement, unless solely caused by the negligence or wilful
misconduct of any Indemnified Parties. The HSP further agrees to indemnify and hold
harmless the Indemnified Parties for any incidental, indirect, special or consequential
damages, or any loss of use, revenue or profit, by any person, entity or organization,
including without limitation the LHIN, claimed or resulting from such Claims.

11.4 Insurance.

(a) Generally. The HSP shall protect itself from and against all claims that might
arise from anything done or omitted to be done by the HSP and the HSP's Personnel
under this Agreement and more specifically all claims that might arise from anything
done or omitted to be done under this Agreement where bodily injury (including personal
injury), death or property damage, including loss of use of property is caused.

(b) Required Insurance. The HSP will put into effect and maintain, with insurers
having a secure A.M. Best rating of B+ or greater, or the equivalent, all the necessary
and appropriate insurance that a prudent person in the business of the HSP would
maintain including, but not limited to, the following at its own expense.
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1. Commercial General Liability Insurance. Commercial General Liability
Insurance, for third party bodily injury personal injury and property damages to an
to an inclusive limit of not less than five million dollars per occurrence and not
less than two million dollars products and completed operations aggregate. The
policy will include the following clauses:

(i) The Indemnified Parties as additional insureds;
(ii) Contractual Liability;
(iii) Cross-Liability
(iv) Independent Contractors;
(v) Products and Completed Operations Liability;
(vi) A valid WSIB Clearance Certificate, or Employers Liability and Voluntary

Compensation, which ever applies;
(vii) Tenants Legal Liability (for premises/building leases only),
(viii) Non-Owned automobile coverage with blanket contractual and physical

damage coverage for hired automobiles; and,
(ix) A thirty-Day written notice of cancellation, termination or material change.

2. Property insurance on property of every description, including business
interruption for the term of "all risk" of physical loss or damage, providing
coverage to a limit of not less than the full replacement cost including
earthquake and flood. Such insurance shall be written to include replacement
cost value and shall not include a co-insurance clause. All reasonable
deductibles and/or self-insured retentions are the responsibility of the HSP.

3, Boiler and machinery insurance (including pressure objects, machinery
objects and service supply objects) on a comprehensive basis. Such insurance
shall be written to include repair and replacement value and shall not include a
co-insurance clause. All reasonable deductibles and/or self insured retentions
are the responsibility of the HSP.

4. Comprehensive Crime insurance, Disappearance, Destruction and
Dishonest coverage.

5. Professional Liability Insurance. Professional Liability Insurance to an
inclusive limit of not less than five million dollars per occurrence for each claim of
negligence resulting in bodily injury, death or property damage, arising directly or
indirectly from the professional services rendered by the HSP, its officers, agents
or employees.

6. Administrators Errors & Omission Liability Insurance, to an inclusive limit
of not less than 2 million dollars per claim, with an annual aggregate of not less
than 4 million dollars, responding to claims of wrongful acts of the HSP directors,
board members, employees and volunteers in the discharge of their duties on
behalf of the HSP.

(c) Certificates of insurance. The HSP will provide the LHIN with proof of the
insurance required by this Agreement in the form of a valid certificate of insurance that
references this Agreement and confirms the required coverage, on or before the
commencement of this Agreement, and renewal replacements on or before the expiry of
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any such insurance. Upon the request of the LHIN, a copy of each insurance policy shall
be made available to it. The HSP shall ensure that each of its subcontractors obtains all
the necessary and appropriate insurance that a prudent person in the business of the
subcontractor would maintain and that the Indemnified Parties are named as additional
insureds with respect to any liability arising in the course of performance of the
subcontractor's obligations under the subcontract.

ARTICLE 12.0 - TERMINATION

12.1 Termination by the LHIN.

(a) Immediate Termination. The LHIN may terminate this Agreement immediately
upon giving Notice to the HSP if:

(i) the HSP is unable to provide or has discontinued the Services in whole
or in part or the HSP ceases to carry on business;

(ii) the HSP makes an assignment, proposal, compromise, or arrangement
for the benefit of creditors, or is petitioned into bankruptcy, or files for the
appointment of a receiver;

(iii) the LHIN is directed, pursuant to the Act, to terminate this Agreement by
the Minister or the Director;

(iv) the Home has been closed in accordance with the Act; or

(v) as provided for in section 4.6, the LHIN does not receive the necessary
funding from the MOHLTC.

(b) Termination in the Event of Financial Difficulties. If the HSP makes an
assignment, proposal, compromise, or arrangement for the benefit of creditors, or is
petitioned into bankruptcy, or files for the appointment of a receiver the LHIN will consult
with the Director before determining whether this Agreement will be terminated. If the
LHIN terminates this Agreement because a person has exercised a security interest as
contemplated by section 107 of the Act, the LHIN would expect to enter into a service
accountability agreement with the person exercising the security interest or the receiver
or other agent acting on behalf of that person where the person has obtained the
Director's approval under s. 110 of the Act and has met all other relevant requirements
of Applicable Law.

(c) Opportunity to Remedy Material Breach. If an HSP breaches any material
provision of this Agreement, including, but not limited to, the reporting requirements in
Article 8 and the representations and warranties in Article 10 and the breach has not
been satisfactorily resolved under. Article 7, the LHIN will give the HSP Notice of the
particulars of the breach and of the period of time within which the HSP is required to
remedy the breach. The Notice will advise the HSP that the LHIN will terminate this
Agreement:

(i) at the end of the Notice period provided for in the Notice if the HSP fails to
remedy the breach within the time specified in the Notice; or

22

LTC100055279



(ii) prior to the end of the Notice period provided for in the Notice if it
becomes apparent to the LHIN that the HSP cannot completely remedy
the breach within that time or such further period of time as the LHIN
considers reasonable, or the HSP is not proceeding to remedy the breach
in a way that is satisfactory to the LHIN; and

the LHIN may then terminate this Agreement in accordance with the Notice.

12.2 Termination of Services by the HSP.

(a) Except as provided in 12.2(b) and (c) below, the HSP may terminate this
Agreement at any time, for any reason, upon giving the LHIN at least six months' Notice.

(b) Where the HSP intends to cease providing the Services and close the Home, the
HSP will provide Notice to the LHIN at the same time the HSP is required to provide notice
to the Director under the Act. The HSP will ensure that the closure plan required by the Act
is acceptable to the LHIN.

(c) Where the HSP intends to cease providing the Services as a result of an intended
sale or transfer of a License in whole or in part, the HSP will comply with s. 6.3 of this
Agreement. Notice under s. 27 of LHSIA will not be effective unless accompanied by a
transition plan that is acceptable to the LHIN, if such a transition plan is requested pursuant
to s. 6.3.

12.3 Consequences of Termination.

(a) If this Agreement is terminated pursuant to this Article, the LHIN may:

cancel all further Funding instalments;
(ii) demand the repayment of any Funding remaining in the

possession or under the control of the HSP;
(iii) determine the HSP's reasonable costs to wind down the Services; and
(iv) permit the HSP to offset the costs determined pursuant to subsection

(iii), against the amount owing pursuant to subsection (ii).

(b) Despite (a), if the cost determined pursuant to section 12.3(a) (iii) exceeds the
Funding remaining in the possession or under the control of the HSP the LHIN will not
provide additional monies to the HSP to wind down the Services.

12.4 Effective Date. The effective date of any termination under this Article will be the last
Day of the Notice period, the last Day of any subsequent Notice period or immediately,
which ever applies.

12.5 Corrective Action. Despite its right to terminate this Agreement pursuant to this Article,
the LHIN may choose not to terminate this Agreement and may take whatever corrective
action it considers necessary and appropriate, including suspending Funding for such
period as the LHIN determines, to ensure the successful completion of the Services in
accordance with the terms of this Agreement.
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ARTICLE 13.0 — NOTICE

13.1 Notice. A Notice will be in writing; delivered personally, by pre-paid courier, or sent by
facsimile with confirmation of receipt or by any form of mail where evidence of receipt is
provided by the post office. A Notice will be addressed to the other Party as provided
below or as either Party will later designate to the other in writing:

To the LHIN:
South West Local Health Integration
Network

201 Queens Avenue, Suite 700
London, ON N6A 1J1
Attention:
Michael Barrett
Chief Executive Officer

Fax: (519) 672-6562
Telephone: (519) 672-0445

To the HSP:
Caressant Care Woodstock Nursing
Home

81 Fyfe Avenue
Woodstock, Ontario N4S 8Y2
Attention:
Brenda Van Quaethem
Administrator

Fax: (519) 539-7467
Telephone: (519) 539-6461

13.2 Notices Effective From. A Notice will be effective at the time the delivery is made if the
Notice is delivered personally, by pre-paid courier or by facsimile. If delivered by mail, a
Notice will be effective five business days after the day it was mailed.

ARTICLE 14.0- INTERPRETATION

14.1 Interpretation. In the event of a conflict or inconsistency in any provision of this
Agreement, the main body of this Agreement will prevail over the Schedules.

14.2 Jurisdiction. Where this Agreement requires compliance with the Act, the Director will
determine compliance and advise the LHIN. Where the Act requires compliance with
this Agreement, the LHIN will determine compliance and advise the Director.

14.3 Determinations by the Director. All determinations required by the Director under this
Agreement are subject to an HSP's rights of review and appeal under the Act.

14.4 The Act. For greater clarity, nothing in this Agreement supplants or otherwise excuses
the HSP from the fulfillment of any requirements of the Act. The HSP's obligations in
respect of LHSIA and this Agreement are separate and distinct from the HSP's
obligations under the Act.

ARTICLE 15.0 — ADDITIONAL PROVISIONS

15.1 Currency. All payment to be made by the LHIN or the HSP under this Agreement shall
be made in the lawful currency of Canada.

15.2 Invalidity or Unenforceability of Any Provision. The invalidity or unenforceability of
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any provision of this Agreement will not affect the validity or enforceability of any other
provision of this Agreement and any invalid or unenforceable provision will be deemed to
be severed.

15.3 Terms and Conditions on Any Consent. Any consent or approval that the LHIN may
grant under this Agreement is subject to such terms and conditions as the LHIN may
reasonably require.

15.4 Waiver. A Party may only rely on a waiver of the Party's failure to comply with any term
of this Agreement if the other Party has provided a written and signed Notice of waiver.
Any waiver must refer to a specific failure to comply and will not have the effect of
waiving any subsequent failures to comply.

15.5 Parties Independent. The Parties are and will at all times remain independent of each
other and are not and will not represent themselves to be the agent, joint venturer,
partner or employee of the other. No representations will be made or acts taken by either
Party which could establish or imply any apparent relationship of agency, joint venture,
partnership or employment and neither Party will be bound in any "'a"=^ "'"= by
any agreements, warranties or representations made by the other Party to any other
person or entity, nor with respect to any other action of the other Party.

15.6 LHIN Is an Agent of the Crown. The Parties acknowledge that the LH1N is an agent of
the Crown and may only act as an agent of the Crown in accordance with the provisions
of LFISIA. Notwithstanding anything else in this Agreement, any express or implied
reference to the LHIN providing an indemnity or any other form of indebtedness or
contingent liability that would directly or indirectly increase the indebtedness or
contingent liabilities of the LHIN or Ontario, whether at the time of execution of this
Agreement or at any time during the term of this Agreement, will be void and of no legal
effect.

15.7 Express Rights and Remedies Not Limited. The express rights and remedies of the
LHIN are in addition to and will not limit any other rights and remedies available to the
LHIN at law or in equity. For further certainty, the LH IN has not waived any provision of
any applicable statute, including the Act, LHSIA and the CFMA, nor the right to exercise
its right under these statutes at any time.

15.8 No Assignment. The HSP will not assign either this Agreement or the Funding in whole
or in part, directly or indirectly, without the prior written consent of the LHIN which
consent shall not be unreasonably withheld. No assignment or subcontract shall relieve
the HSP from its obligations under this Agreement or impose any liability upon the LHIN
to any assignee or subcontractor. The LHIN may assign this Agreement or any of its
rights and obligations under this Agreement to any one or more of the LHINs or to the
MOHLTC.

15.9 Governing Law. This Agreement and the rights, obligations and relations of the Parties
hereto will be governed by and construed in accordance with the laws of the Province of
Ontario and the federal laws of Canada applicable therein. Any litigation or arbitration
arising in connection with this Agreement will be conducted in Ontario unless the Parties
agree in writing otherwise.

15.10 Survival. The provisions in Articles 1.0, 2.4, 4.6, 5.0, 8.0, 10.5, 11.0, 13.0, 14.0 and 15.0
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will continue in full force and effect for a period of seven years from the date of expiry or
termination of this Agreement.

15.11 Further Assurances. The Parties agree to do or cause to be done all acts or things
necessary to implement and carry into effect this Agreement to its full extent.

15.12 Amendment of Agreement. This Agreement may only be amended by a written
agreement duly executed by the Parties.

15.13 Counterparts. This Agreement may be executed in any number of counterparts, each of
which will be deemed an original, but all of which together will constitute one and the
same instrument.

ARTICLE 16.0 - ENTIRE AGREEMENT

16.1 Entire Agreement. This Agreement together with the appended Schedules constitutes
the entire Agreement between the Parties with respect to the subject matter contained in
this Agreement and supersedes all prior oral or written representations and agreements.

The Parties have executed this Agreement on the dates set out below.

SOUTH WEST LOCAL HEALTH INTEGRATION NETWORK

Jeff Lo*, s -ard Chair

Andes

Michael Barr
Chief Execu e Officer

JUL 8 2013
Date

anization Name: Caressant Care Woodstock Nursing Home

James.' v
President
l have authority to bind the HSP

L/ ft 020/3
Date

And by:
11114 

l have authority to• bind the HSP Date
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Schedule A: Description of Horne and Beds

A.1 - General Information

Full Legal Name, of Licensee Camssant-Care Nursing and Retirement Homes Limited
Legal Name of Nome Caressant Care Woodstock Nursing Home
LTCH Facility ID Number
(Master Number for RAI MDS)

NH2623

Address 81 Fyfe Avenue
City Woodstock Postal Code: N4S 8Y2
Accreditation organization CART
Date of last Accreditation 2012 Years Awarded:

Ucensed or Approved Beds & Classification

New A B C D Total Beds Expiry Date
LTC Beds 60 95 155 2024/06/27
Temporary Beds 4 4 8 See "Interim

Beds"
comments

below
Total Beds 60 4 0 99 0 63

Bed Type
Long stay beds

# of Beds
155

A.3 - Bed Type

Veterans' Priority Access Beds 
Convalescent Care Beds

0
0

Respite Beds 
Interim Beds

0
Approval and term of licence from Ministry of Health and Long Term
Care to be confirmed at a later date. 

Beds in Abeyance 0
Total 163 Note: Total should equal the number under ''Total Beds° in A.2 above. 

Other beds available for use
under a short term
authorization or temporary
emergency licence 

0
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Schedule B

Additional Terms and Conditions Applicable to the Funding Model

1.0 Background. The LHINs provide subsidy funding to long-term care home health service
providers pursuant to a funding model set by the MOHLTC. The current model provides
estimated per diem funding that is subsequently reconciled. The current funding model is under
review and may change during the term of the Agreement As a result, and for ease of
amendment during its term, the Agreement incorporates certain terms and conditions that relate
to the funding model in this Schedule B.

2.0 Additional Definitions. Arry' terms not othervvise defined in this Schedule have the same
meaning attributed to them in the Agreement. The following terms have the following meanings:

"Approved Funding" means the allowable subsidy for the Term determined by reconciling
the Estimated Provincial Subsidy in accordance with Applicable Law and Applicable
Policy

"Construction Funding Subsidy" or "CFS" means the funding that the MOI ILTC agreed to
provide to the HSP in an agreement for the construction, development, redevelopment,
retrofitting or upgrading of beds (a "Development Agreement").

"Envelope is a portion of the Estimated Provincial Subsidy that is designated for a specific use.
There are four Envelopes in the Estimated Provincial Subsidy as follows:

(a) the 'Nursing and Personal Care" envelope;
(b) the "Program and Support Services" envelope;
(c) the "Raw Food" envelope; and
(d) the "Other Accommodation" envelope.

"Estimated Provincial Subsidy" means the estimated provincial subsidy calculated in
accordance with Applicable Policy.

"Reconciliation Reports" means the reports as required by Applicable Policy including the
Long-term Care Home Annual Report and, the In-Year Revenue/Occupancy Report.

3.0 Provision of Funding.

3.1 In each Funding Year, the LHIN shall advise the HSP of the amount of its Estimated
Provincial Subsidy. The amount of the Estimated Provincial Subsidy shall be calculated on both
a monthly basis and an annual basis and will be allocated among the Envelopes and other
funding streams applicable to the HSP, including the CFS.

3.2 The Estimated Provincial Subsidy shall be provided to the HSP on a monthly basis in
accordance with the monthly calculation described in 3.1. Payments will be made to the HSP on
or about the twenty-second (22nd) day of each month of the Term.

3.3 CFS will be provided as part of the Estimated Provincial Subsidy and in accordance with the
terms of the Development Agreement and Applicable Policy. This obligation survives any
termination of the Agreement.

4.0 Use of Funding.

4.1 The HSP shall use the funding allocated for an Envelope for the use set out in the Applicable
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Policy.

4.2 The HSP shall not transfer any such portion of the Estimated Provincial Subsidy in the
"Raw Food" envelope, to any other Envelope:

4.3 The HSP may transfer all or any of the part of the Estimated Provincial Subsidy for the Other
Accommodation Envelope to any other Envelope without the prior written approval of the LHIN,
provided that the HSP has complied with the standards and criteria for the "Other
Accommodation" Envelope as set out in Applicable Policy.

4.4 The HSP may transfer any part of the Estimated Provincial Subsidy in the (a) Nursing and
Personal Care" envelope; or (b) the "Program and Support Services envelope; to any Envelope
other than the Other Accommodation Envelope without the prior written approval of the LHIN
provided that the transfer is done in accordance with Applicable Policy.

4.5 In the event that a financial reduction is determined by the LHIN, the financial reduction will
be applied against the portion of the Estimated Provincial Subsidy in the "Other Accommodation"
Envelope.

5.0 Construction Funding Subsidies.

5.1 Subject to 5.2 and 5.3 the HSP is required to continue to fulfill all commitments identified
in Schedule A of the service agreement in effect between the HSP and the LHIN on June 30,
2010 (the "CFS Commitments") and the CFS Commitments are hereby incorporated into and
deemed part of this Agreement.

5.2 The HSP is not required to continue to fulfill those CFS Commitments that the Ministry
has agreed in writing: (i) have been satisfactorily fulfilled; or (ii) are no longer required to be
fulfilled; and the HSP is able to provide the LHIN with a copy of such written agreement.

5.3 Where this Agreement establishes or requires a service requirement that surpasses the
service commitment set out in the CFS Commitments, the HSP is required to comply with the
service requirements in this Agreement.

5.4 The MOHLTC will be responsible for monitoring the HSP's on-going compliance with the
CFS Commitments. Notwithstanding the foregoing, the HSP agrees to certify its compliance with
the CFS Commitments when requested to do so by the LHIN.

6.0 Reconciliation.

6.1 The HSP shall complete the Reconciliation Reports and submit them to the LHIN
in accordance with Schedule C. The Reconciliation Reports shall be in such form and containing
such information as required by Applicable Policy or as otherwise required by the LHIN pursuant
to Article 8 of the. Agreement.

6.2 The Estimated Provincial Subsidy provided by the LHIN under section 3.0 of this Schedule
shall be reconciled by the LHIN in accordance with Applicable Law and Applicable Policy to
produce the Approved Funding.

6.3 In accordance with the Applicable Law and Applicable Policy, if the Estimated Provincial
Subsidy paid to the HSP exceeds the Approved Funding for any period, the excess is a debt due
and owing by the HSP to the Crown in right of Ontario which shall be paid by the HSP to the
Crown in right of Ontario and, in addition to any other methods available to recover the debt, the
LHIN may deduct the amount of the debt from any subsequent amounts to be provided by the
LHIN to the HSP. If the Estimated Provincial Subsidy paid for any period is less than the
Approved Funding, the LHIN shall provide the difference to the HSP.
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Schedule C — Reporting Requirements

1. In-Year Revenue/Occupancy Report

Reporting Period Estirnated Due Dates
2013 -Jan 01-13 to. Sept 30-13 By October 15, 2013
2014 - Jan 01-14 to Sept 30-14 
2015 Jan 01-15 to Sept 30-15

By October 15, 2014 
By October 15, 2015

2. Long-Term Care Home Annual Report

Reporting Period Estimated Due Datesi 
2013 - Jan 01-13 to Dec 31-13
2014 -- Jan 01-14 to Dec 31-14

By September 30, 2014 
By September 30, 2015 

2015 Jan 01-15 to Dec 31-15

3. Pr:rrformance Report

By September 30, 2016 

2013-2014 Due Dates
02 - Apr 01-13-  to Sept 30-13 October 31, 2013
03 Apr 01-13- to Dec 31-13 January 31, 2014 
Q4 - Apr 01-13- to March 31-14 April 30, 2014
2014-2015 Due Dates
02 -Apr 01-14- to Sept 30-14
Q3 -  Apr 01-14- to Dec 31-14 
Q4 - Apr 01-14- to March 31-15
2015-2016

October 31, 2014
January 31, 2015
April 30, 2015

Q2 -Apr 01-15- to Sept 30-15
Due Dates 
October 30, 2015

Q3.-Apr 01-15- to Dec 31-15 
04 - Apr 01-15- to March 31-16

January 29, 2016 
April 29, 2016

4. Frerich Language Services Report

Fiscal Year Due Dates
2013-14 - Apr 01-13 to March 31-14  
2014-15 - Apr 01-14 to March 31-15 
2015-16 - Apr 01-15 to March 31-16 

April 30, 2014 
April 30, 2015 
April 29, 2016

5. OHRS/MIS Trial Balatice Submission

2013,4014 Due Dates (Must pass 3c Edits) 
Q2 - Apr 01-13- to Sept 30-13 (Fiscal Year) October 31, 2013
Q2 - Jan 01-13 to Jun 30-13 (Calendar Year) 
Q3 Apr 01-13- to Dec 31-13 (Fiscal Year) January 31, 2014
Q3 -Jan 01-13 to Sept 30-13 (Calendar Year) Optional Submission
Q4 -Apr 01-13- to March 31-14 (Fiscal Year)
Q4 - Jan 01-13 to Dec 31-13 (Calendar Year)

May 30, 2014

11 These are estimated dates from the Ministry and are subject to change.
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Schedule C — Reporting Requirements Cont'cli

5. OHRSIMIS Trial Balance Submission Cont'd

2014-2015 Due Dates (Must pass 3c Edits
Q2 - Apr 01-14 to Sept 30 -14 (Fiscal Year)
02- Jan 01-14 to June 30-14 (Calendar Yea!)

October 31, 2014

03 - Apr 01-14 to Dec 31-14 (Fiscal Year)
Q3 Jan 01-14 to Sept 30-14 (Calendar Year)

January 31, 2015
Optional Submission

Q4 - Apr 01-14 to March 31-15 (Fiscal Year)
Q4 Jan 01-14 to Dec 31-14 (Calendar Year)

May 30, 2015

2015-2016 Due Dates (Must pass 3c Edits
Q2 -Apr 01-15 to Sept 30 — 15 (Fiscal Year)
02 — Jan 01-15 to June 20-15 (Calendar Year)

October 31, 2015

Q3 -Apr 01-15 to Dec 31-15 (Fiscal Year)
03 Jan 01-15 to Sep 30-15 (Calendar Year)

January 31, 2016
Optional Submission

Q4 -Apr 01-15 to March 31-16 (Fiscal Year)
Q4 Jan 01-15 to Dec 31-15 (Calendar Year)

May 30, 2016

6. Compliance Declaration

Funding Year Due Dates
January'1, 2013 — December 31, 2013 March 1, 2014
January 1, 2014 — December 31, 2014 March 1, 2015
January li 2015 — December 31, 2015 March 1, 2016

7. RAI MDS

Funding Year Due Dates
At least quarterly during each Funding Year in the term of
this Agreement, or otherwise in accordance with the
submission guidelines set out by CIHI.

As established and advised by the
Ministry on behalf of the LAIN.

8. Staffing Report
Reporting Period Estimated Due Dates
January 1, 2013 — December 31, 2013 June 15, 2014
January 1, 2014'- December 31, 2014 June 15, 2015
January 1, 2015- December 31, 2015 June 15, 2016

[Note to LHINS please insert additional local reportinq requilements if any]
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Schedule D — Performance

1.0 Performance Indicators

The HSP's delivery of the Services will be measured by the following Indicators, Targets and where applicable Performance Standards. In the
following table:

ma means 'not-applicable', that there is no defined Performance Standard for the indicator for the applicable year.
tbd means a Target, and a Performance Standard, if applicable, will be determiried during the applicable year.

!;°Aii•L' MN SYSTEM alritOME CIBJECTIVES

illiPERATIVES

***!rkiii**A
Periminance

Staridarct

114115

Tturg
etP3d1"14S:dard

Parformartr.a

Target Stanalatt1

f. Enabling Coordination
and Transitions of Care
for Targeted Populations

To reduce ALC days Long-stay utilization (P)
97.0% >=97.0% 97.0%

nla n/a

Yes

n/a tbd

2. Maintaining
Achievement in Access,
Accountability and Safety.
3. Organizational Health

To reduce avoidable hospital
admission, axiom ED/Utilization
visits
To ensure the organizational
health et the home

Median wait time to placement in LTC home (E)

Compliance status (P)

Na

Yes

homes, organizations (E)
aDebt service coverage (DSC) ratio for non-municipal

a

>=97.0% 97.0% >=97 0%

nfa

n/a

tbd

Yes

nia

n/a

tbd tbd

2.0 LHIN-Specific Performance Obligations.

(a) In recognition of the Developmental Indicators, the LTC Home will contribute to:
• Reduced resident transfers from LTC Home to Emergency Department/hospitals for conditions which can be treated in the LTC Home;
• Reduced hospital admissions for conditions which can be treated in the LTC Home;
• Reduced hospital length of stay (LOS) for Long-Term Care Residents who can be discharged to a LTC Horne for their ongoing care

with appropriate additional supports.

(b) Wound Management (WM)
The LTC Home shall participate in the South West Regional Wound Care Program, as sponsored by the South West Community Care
Access Centre (CCAC).

(c) Behavior Support Organization (BSO)
The LTC Home shall participate in the Behavioral Supports Ontario (BSO) Program and shall enter into a Memorandum of Agreement
(MoA) with St Joseph's Health Care, London who performs the LHIN-wide project coordination role.
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Schedule E — Form of Compliance Declaration

DECLARATION OF COMPLIANCE
Issued pursuant to the Long Term Care Service Accountability Agreement

To: The Board of Directors of the [insert name of LHIN] Local Health Integration Network
(the "LHIN"). Attn: Board Chair.

From: The Board of Directors (the "Board") of the [insert name of License Holder] (the
"HSP")

For [insert name of Home] (the "Home')

Date: [insert date]

Re: [January 1, 201X — December 31, 201X] (the "Applicable Period")

The Board has authorized me, by resolution dated [insert date], to declare to you as follows;

After making inquiries of the [insert name and position of person responsible for managing the
Home on a day to day basis, e.g. the Chief Executive Office or the Executive Director] and other
appropriate officers of the HSP and subject to any exceptions identified on Appendix 1 to this
Declaration of Compliance, to the best of the Board's knowledge and belief, the HSP has fulfilled,
its obligations under the long-term care service accountability agreement (the "Agreement") in
effect during the Applicable Period.

Without limiting the generality of the foregoing, the HSP confirms that

(i) it has complied with the provisions of the Local Health System Integration Act, 2006 and
with any compensation restraint legislation which applies to the HSP; and

every Report submitted by the HSP is accurate in all respects and in full compliance with
the terms of the Agreement;

Unless otherwise defined in this declaration, capitalized terms have the same meaning as set out
in the Agreement between the LHIN and the HSP effective April 1, 2013.

[insert name of individual authorized by the Board to make the Declaration on the Board's behalf],
[insert title]
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Schedule E Form of Compliance Declaration Cont'd.

Appendix 1 - Exceptions

[Please identify each obligation under the L-SAA that the HSP did not meet during the Applicable
Period, together vvith an explanation as to why the obligatior-i was not met and an estimated date
by which the FISP expects to be in compliance. 
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This is Exhibit "D" referred to in the Affidavit of Dr. Michael
Hillmer sworn August 29, 2018

Com issioner for Taking Affidavits (or as may be)

Jessica Taylor Kral; a Commissioner, etc.,
Province of Ontario,
while a Student-at-Law.
Expires May 30, 202(1



Data Sharing Agreement 

THIS AGREEMENT dated this 24th day of October, 2016 by the Ministry of Health and Long-
Term Care

BETWEEN:

HER MAJESTY THE QUEEN in RIGHT OF ONTARIO as
Represented by the Minister of Health and Long-Term Care

("MOHLTC")

— and —

HER MAJESTY THE QUEEN in RIGHT OF ONTARIO as
Represented by the Minister of Community Safety and Correctional Services

("MCSCS")

Background

The Office of the Chief Coroner for Ontario serves the living through high quality death
investigations and inquests to ensure that no death will be overlooked, concealed or ignored.
The findings of death investigations are used individually at the case level or more broadly at
an aggregate level to inform potential improvements in the health and safety of the public and
the prevention of deaths in similar circumstances.

The Ministry of Health and Long-Term Care is working to establish a patient-focused, results-
driven, integrated and sustainable publicly funded health system. Its plan for building a
sustainable public health care system in Ontario is based on helping people stay healthy,
delivering good care when people need it, and protecting the health system for future
generations. This role includes monitoring and reporting on the performance of the health
system and the health of Ontarians to inform potential opportunities for systemic
improvement.

MOHLTC has requested access to Information in the custody or under the control of MCSCS
for the Purpose described in Appendix 2, which is a purpose related to monitoring and
analyzing all interactions with the health care system leading up to death. This information
contains Personal Health Information.

Under clause 4(1)(d) of the Coroners Act, RSO 1990, c C37, ("Coroners Act") the Chief
Coroner may bring the findings and recommendations of coroners' investigations and
coroners' juries to the attention of appropriate persons, agencies and ministries of the
government.

Subsection 18(3) of the Coroners Act allows for the disclosure of information where the
disclosure is necessary in the interests of public safety and subsection 15(1)(c) of the
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Coroners Act provides for the collection and analysis of information about deaths in order to
prevent further deaths in similar circumstances.

Clause 36(1)(g) of the Personal Health Information Protection Act, 2004, SO 2004, c 3,
Schedule A, permits MOHLTC to collect personal health information from a person who is
permitted or required by law made under an Act of Ontario to disclose it to MOHLTC.

MCSCS wishes to provide the MOHLTC access to the Information for the Purpose detailed
herein,

Consideration

In consideration of the mutual covenants contained in this Agreement, and subject to the
terms and conditions set out in this Agreement, the MOHLTC and MCSCS covenant and
agree as follows:

ARTICLE 1
DEFINITIONS AND INTERPRETATION

1 1 Definitions. In this Data Sharing Agreement including the recitals above, the following
words have the following meanings:

"Agreement" means this Data Sharing Agreement between MCSCS and the
MOHLTC as it may be amended from time to time in accordance with its terms;

"Applicable Law" means with respect to any person, property, transaction, event or
other matter, any rule including any health professional college rule, any law, statute,
regulation, order, judgment, decree, treaty or other requirement having the force of law
relating or applicable to such person, property, transaction, event or other matter;

"Derived Personal Information" means information that could potentially identify an
individual, due to a subset of less than five (5) observations, through a process of
elimination, or otherwise;

"Information" means all information including all database elements and databases, if
any, as described in Appendix 1 to this Agreement entitled "Information", as may be
amended from time to time;

"Party" means MCSCS or the MOHLTC and "Parties" means MCSCS and the
MOHLTC;

"Personal Health Information" has the same definition as in Section 4 of the
Personal Health Information Protection Act, 2004 SO 2004, c 3 Schedule A;

"Personal Information" has the same definition as in Section 2(1) of the Freedom of
Information and Protection of Privacy Act, RSO 1990, C F31, as may be amended from
time to time;
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"Publish" means to make available outside of the MOHLTC and "Publication" has a
corresponding meaning;

"Purpose" means the purpose for which the Information may be provided to the
MOHLTC, as described in Appendix 2 to this Agreement entitled "Purpose"; and

"Report" means the final version of any written material, in any format and on any
media, including print, electronic and digital, produced by or on behalf of the MOHLTC,
that reports outcomes, results or conclusions relating to the Purpose, and is based on
or contains the Information, and "Reports" means any two (2) or more of these.

1.2 Amendment. No amendment to this Agreement will be binding unless in writing and
signed by both Parties;

1.3 No Waiver. A waiver of any failure to comply with any term of this Agreement will be
in writing and signed by the Party providing the waiver. Every such waiver must refer
to a specific failure to comply and will not have the effect of waiving any subsequent or
previous failure to comply.

1.4 Governing Law. This Agreement, and the rights, obligations and relations of the
Parties to this Agreement, will be governed by, and interpreted in accordance with, the
laws of the Province of Ontario.

1.5 Entire Agreement. This Agreement constitutes the entire agreement between the
Parties with respect to the access and use of the Information by the MOHLTC, and
supersedes any prior agreements or understandings, collateral, oral or otherwise,
existing between the Parties at the time this Agreement is entered into.

ARTICLE 2
TERM

2.1 Term. This Agreement is effective from the date it is signed by MOHLTC and will
remain in force unless otherwise terminated in accordance with its terms.

ARTICLE 3
INFORMATION TO BE PROVIDED

3.1 Information Provided. MCSCS will provide the Information to the MOHLTC at such
time or times, and by such means, as may be agreed to by the Parties.

3.2 Completeness and Accuracy. MCSCS will use its reasonable efforts to ensure the
completeness and accuracy of the Information. However, MOHLTC acknowledges
and agrees that MCSCS cannot guarantee the accuracy and completeness of the
Information, in whole or in part.
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ARTICLE 4
USE AND DISCLOSURE OF INFORMATION

4.1 Use and Disclosure. The MOHLTC will not use or disclose the Information for any
purpose other than the Purpose, unless authorized by law.

4.2 Authorized Persons. The MOHLTC is responsible for the actions of every individual
who has access to the Information in connection with carrying out the Purpose for or
on behalf of MOHLTC.

4.3 Applicable Law. The MOHLTC will only use and disclose the Information in
accordance with Applicable Law.

4.4 Notice of Breach. The MOHLTC will immediately advise and notify MCSCS as soon
as the MOHLTC becomes aware of a potential or actual breach of any term or
condition of this Agreement.

ARTICLE 5
REPORTS

5.1 No Publication of Personal Information. For certainty, the MOHLTC will not Publish,
in any Report or otherwise, any Identifying Information, Personal Information, Personal
Health Information or Derived Personal Information, derived from or based on the
Information,

ARTICLE 6
DATA AUDIT

6.1 Records. MCSCS or an independent auditor may, upon ten (10) days' notice, conduct
an audit of the MOHLTC's records relating to the maintenance, use and disclosure of
the Information.

6.2 Auditor Access. For the purposes of the audit, the MOHLTC will, subject to Applicable
Law, give MCSCS and the independent auditor access to the MOHLTC's premises and
to the Information, and all such other access as may be reasonably necessary to verify
the MOHLTC's compliance with this Agreement.

6.3 Improvement. MCSCS may, at any time, require the MOHLTC to improve the
methods by which it maintains, uses and discloses the Information to ensure
compliance with this Agreement.

6.4 MCSCS not to Control. Nothing in this Article or in this Agreement will be construed
so as to give MCSCS any control whatsoever over the books, accounts or other
records of the MOHLTC.
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ARTICLE 7
TERMINATION

7.1 Termination for Breach. MCSCS may terminate this Agreement immediately upon
notice to the MOHLTC in the event of any breach by the MOHLTC of any material
representation, warranty, condition or covenant of this Agreement.

7.2 Termination for Convenience. Either Party may terminate this Agreement at any
time, without cause, upon at least thirty (30) days prior notice to the other Party.

7.3 No Further Information Provided. Upon termination of this Agreement, MCSCS will
have no further obligation to provide Information to the MOHLTC.

7.4 Destruction or Return of Information. Upon termination of this Agreement, the
MOHLTC will:
(a) immediately stop using the Information;
(b) return or destroy the Information, as directed by MCSCS and in a manner

approved by MCSCS, without keeping any copies; and
(c) provide written confirmation of the destruction of the Information.

7.5 Written Approval Required. Despite section 7.4, the MOHLTC may, if approved in
writing by MCSCS, maintain the Information in the form and in accordance with the
conditions required by MCSCS for the purposes specified by MCSCS.

7.6 No Further Publication without Consent. In addition to the foregoing, if MCSCS
terminates this Agreement for breach pursuant to this Article, the MOHLTC will not
publish any Reports or any other material that was produced using the Information
after the date of termination without the prior written consent of MCSCS, which will not
be unreasonably withheld.

ARTICLE 8
NOTICE

8,1 Notice. Notices under this Agreement will be in writing and will be delivered by email,
postage-prepaid mail, courier, personal delivery or fax and addressed to the other
Party as provided below or as either Party will later designate to the other in writing by
notice in writing.
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To MCSCS:

Dirk Huyer, Chief Coroner
Forensic Services and Coroners Complex
25 Morton Shulman Avenue
Toronto, Ontario M3M OB1
Phone: 647-329-1814
Fax: 416-314-4030
E-mail: dirk.huyer@ontario.ca

To the MOHLTC:

John R. Hill, Manager
Analytic Reports and Tools,
Health Analytics Branch, HSIM
1075 Bay St. le Floor
Phone: 416-327-8683
Fax: 416-326-6560
E-mail: john.r.hillontario.ca

8.2 Effective Notice. All Notices will be effective:
(a) at the time the delivery is made if the Notice is delivered personally, by e-mail,

pre-paid courier or by facsimile; or
(b) three (3) days after the day the Notice was deposited in the mail if the Notice is
sent by registered or postage prepaid mail, unless the day the Notice is effective falls
on a day when MCSCS is normally closed for business, in which case the Notice will
not be effective until the next day that is a day when MCSCS is normally open for
business.

ARTICLE 9
GENERAL

9.1 Assignment and Transfer. Neither Party will assign or transfer this Agreement, any
part of this Agreement, or any benefit or interest in or under this Agreement, without
the prior written consent of the other Party

9.2 Cumulative Rights and Remedies. Except to the extent otherwise expressly stated
in this Agreement, the rights and remedies of the Parties are cumulative and are in
addition to, and not in substitution for, any rights and remedies provided by law or
equity.

9.3 Contract Binding. All rights and obligations contained in the Agreement will extend to
and be binding on the Parties' respective heirs, executors, administrators, successors
and permitted assigns.

9.4 MOHLTC Not a Partner, Agent or Employee. The MOHLTC will have no power or
authority to bind MCSCS or to assume or create any obligation or responsibility,
express or implied, on behalf of MCSCS.

9.5 Further Assurances. The Parties agree to do or cause to be done all acts and things
necessary to implement and carry into effect this Agreement to its full extent.

9.6 Survival. Section 3.2 (Completeness and Accuracy), Article 5 (Reports), Article 6
(Data Audit), Section 7.4 (Destruction or Return of Information), Section 7.5 (Written
Approval Required), Section 7.6 (No Further Publication Without Consent) and this
Section 9.7 (Survival) will survive the termination of this Agreement for any reason.
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IN WITNESS OF WHICH the Parties have made this Agreement.

Her Majesty the Queen in right of Ontario as
represented by the Minister of Health and Long Term
Care:

Signature:  

Name: Michael Hiilmer

Title: Executive Director,
Information Management, Data, and Analytics

Date of Signature:  
I have the authority to bind MOHLTC

Her Majesty the Queen in right of Ontario as
represented by the Minister of Community Safety and
Correctional Services:

Signature:  

Name: Dirk Huyer

Title: Chief Coroner

Date of Signature:  ,;" 
i have the authority to bind MCSCS
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APPENDIX 1
INFORMATION

MOHLTC requires the following data elements which comprise the Information for the
Purpose as follows:

(i) For historical data from 2001 to the effective date of this Agreement, MCSCS shall use
best efforts to disclose one complete data set containing the Information in a form,
format and manner agreed to by the Parties, as soon as is practicable after the
effective date; and

(ii) For data collected by MCSCS after the effective date of this Agreement, MCSCS shall
disclose to MOHLTC on a quarterly basis, the newly collected Information in each
quarter, in a form, format and manner agreed to by the Parties.

MCSCS will provide MOHLTC with the following data elements:

Personal Health Information Data elements:
Coroner file number
Coroner region
Decedent name
Decedent sex
Decedent date of birth
Decedent age
Decedent address
Decedent postal code
Municipality where death occurred
Date of death
Cause of death
Manner of death
Death factor
Opioid drug involvement code(s)

MCSCS will also provide the following aggregate indicators:
1) Total number of drug related deaths per year; and
2) Total number of deaths per year.
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APPENDIX 2
PURPOSE

The following is the Purpose:

MOHLTC will use the Information to better understand the incidence and contributing factors
to deaths in Ontario.

MOHLTC currently has custody and control of data that quantifies deaths that occur in
hospital, emergency rooms, long-term care homes, and other health care settings but not
deaths that occur in a non-health care setting —MCSCS collects a significant proportion of this
data MOHLTC will use probabilistic linkage to link the Information with MOHLTC data, in
order to monitor and analyze all interactions with the health care system leading up to death.

Detailed death investigations are completed by the Office of the Chief Coroner (OCC)
identifying information not routinely available to the MOHLTC. The information to be provided
by MCSCS relates to persons who were the subject of a coronial death investigation. The
information will be used to develop an enhanced understanding of the circumstances of
deaths investigated by the OCC. Sharing of coronial death investigation data will support the
completeness and robustness of MOHLTC analyses of health care interactions in the period
prior to death, including but not limited to deaths occurring outside of health care settings,
This is consistent with the approach of the death investigation system in Ontario and will
further the work of the Chief Coroner in improving the health and safety of Ontarians.
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This is Exhibit "E" referred to in the Affidavit of Dr. Michael
Hillmer sworn August 29, 2018

Co missioner for Taking flfdavits (or as may be)

Jessica Taylor Kras, a Commissioner, etc.,
Province of Ontario,
while a Student-at-Law.
Expires May 30, 2020.



AMENDING AGREEMENT NO. 1 TO THE
DATA SHARING AGREEMENT

THIS AMENDING AGREEMENT effective as of the day of
, 2018

HER MAJESTY THE QUEEN in RIGHT OF ONTARIO as
represented by the Minister of Health and Long-Term Care

('Ontario")

- and -

HER MAJESTY THE QUEEN in RIGHT OF ONTARIO as
Represented by the Minister of Community Safety and Correctional Sery es

(MCSCS")

13a c kg row nd

The MOHLTC and MCSCS entered into a Data Sharing Agreement dated the 24t clay
of October; 2016.

The MOHLTC and MCSCS wish to amend the Original Agreement in the manner set
out in this Amending Agreement.

Consideration

In consideration of the mutual covenants contained in this Amending Agreement, the
MOHLTC and MCSCS agree as follows:

ARTICLE 1
DEFINITIONS

1.1 Definitions. in this Amending Agreement including the reoitats above, the
following worcls shall have the following meanings;

"Amending Agreement" means this Amending Agreement between the Parties;

"Original Agreement" means the Data Sharing Agreement made between the
MOHLTC and MCSCS signed 011 October 24th, 2016, as amended or otherwise
modified to the date that this Amending Agreement becomes effective.

1.2 Definitions in Original Agreement. capitalized terms in this Amending

Amending Agreement 1fi1
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Agreement that are not defined above in Section 1.1 (Definitions) shall have the
same meaning as in the Original Agreement.

ARTICLE 2
TERM

2.1 Effective Date, This Amending Agreement is effective from the date that it is
-signed by both Parties.

ARTICLE 3
AMENDMENTS

3,1 Amendments to Original Agreement. The Original Agreement is amended as
follows:

1. Appendix 1 (Information) is deleted and replaced with the Appendix set
out in Schedule 1 to this Amending Agreement.

ARTICLE 4
CONFIRMATION

4,1 Full Force and Effect. The Parties, in all other respects, confirm that the Original,
Agreement is in full force and effect, and is not changed or modified except as
set out in Article 3 (Amendments to Original Agreement) a-bove.
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' ARTICLE 6
BINDING EFFECT

6,1 Amending Agreoniont Binding. This Amending Agreement shall enure to the
benefit of and be binding upon the Parties, and each of their heirs, executors,
administrators, permitted successors and permitted assigns, respectively.

IN WITNESS OF WHICH the parties to this Amending Agreement have executed this
Amending Agreement.

'Amonding Agrooment #1

HER MAJESTY THE QUEEN in right of
Ontario as represented by Minister of
Heaith and Long-Term Care

Signature:  e 

Name: Michael Hilimor

Title: Executive Director
Information Management, Data and
Analytics

Date of Signature: •-y  (5?

HER MAJESTY THE QUEEN in right of
Ontario as repre'Sented by the Minister of
Community Safety and Correctional
Soivicos:

Signature:

Name: Dr, Di Huyer

Title: Chief Coroner

Date of Signature: '‘:1\ ('XAA'r 
I have authority to bind MCSCS

Pago 3014
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SCHEDULE 1

TO AIVIENDING AGREEMENT NO. I TO THE
DATA SHARING AGREEMENT

APPENDIX 1 
INFORMATION

The IVIOHLTC requires the following data which comprise the Information for the
Purpose as fellows:

(1) For historical data from 2001 to the effective date of this Agreement, MCSC.S-
shall use best efforts to disclose one complete data set containing the
Information in a form, format and manner agreed to. by the Parties, as soon as is
practicable after the effective date; and

(II) For data collected by MCSCS after the effective date of this Agreement, MCSCS
shall disclose to MOHLTC on e quarterly basis, the newly collected Information in
each quarter, in a form, format and manner agreed to by the Parties.

IACSCS will provide the MOHLTC with all data from the following databases:

(a) Coroner Investigation System (CIS); and

(b) Supplementary Opioid investigation Aid (OIA) database

Notes
MCSCS.will also provide the following aggregate indicators:

1. Total number of drug related deaths per year; and

2, Total number of deaths per year,
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This is Exhibit "F" referred to in the Affidavit of Dr. Michael
Hillmer sworn August 29, 2018

Comm'ssioner for Taking Affidavits (or as may be)

Jessica Taylor Kras, a Commissioner, etc.,
Province °Mated°,
while a Student-at-Law.
Expires May 30, 2020•



Ontario Ministry of Health and Long-Term Care

Detecting LTC Homes

with Excessive Rate of Mortality

September 13, 2017

Health Analytics Branch

411111.1110111111•111MMMONOMP.MMOM

INIM.M.WOMMNIXAMMIleil......M.1•11***0.

Ontario
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In this deck we will...

• Present two approaches of modeling to risk adjust or
predict death in LTC home

• Present preliminary findings of homes identified as having
excessive rate of mortality after risk adjustment

And at the end

• Gather feedback about the approaches and methodologies,
and next steps
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Purposes of Project

• Develop a risk adjusted model of mortality rate at LHTC
level and use it as a quality control technique to develop a
monitoring system and flag homes with excessive deaths for
further investigation

Explore approaches to model development and variable
selection

tJ Traditional Statistical approach

tJ Machine Learning approach (Random Forest , Decision Tree,
XGBoost)

3
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ckground

• LTC homes death vary significantly by homes. The
excessively high death rate of a home could reflect

o the acuity level of residents in the home,

o poor quality of care provided by the home,

OR

o actions of health-care professionals in the home

• Ex-nurse Elizabeth Wettlaufer is charged with murder of
8 residents (7 of which in Caressant Care, Woodstock)
o FY2007: Aug 17, 2007; Dec 23, 2007 (Caressant Care, Woodstock)

o FY2011: Oct 14, 2011; Oct 27, 2011; Nov 7, 2011 (Caressant Care, Woodstock)

o FY2013: July 14, 201.3; Mar 28, 2014 (Caressant Care, 'Woodstock)

o FY2014: Aug 31, 2014 (Meadow Park, London)

(Other attempted murder charges and aggravated assault charges related to
residents of Caressant Care took place in 2007-2009)

LTC100070312 01-4



Study Design

Detecting

homes with

excessive

death

Step 1

Define

Population

Step 2

Identify Risk

Factors

Step 3

Data prep and

Modeling

r-4 t P'1,1

Step 5

Monitor

Population and Study Design

LTC active clients in a 12-mo period

- Cross-sectional study design

Identification of relevant risk factors
available for modeling
Literature review / Expert consultation

Data preparation
Statistical modeling: Logistic regression
Machine learning: Random Forest /
Decision Tree

Adjusted rate;

Inference/Confidence interval;

Benchrnarking; Outlier detection

Development of a surveillance tool

10, and investigation of homes with

excessive deaths
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Study Design and Steps

• A snapshot approach on people residing in LTCH in a predefined period of time (e.g.
12 months)

• Active clients were modelled for the event of death after controlling for socio-
demographics, various prevalent conditions related to aging and chronic disease

o Active clients that have no assessments are removed

• Conditions and status from the latest assessment were used for risk adjustment

• An indirect standardization in risk adjustment

o Modeling

0 Statistical modeling of logistic regression, and

o Machine Learning algorithms

o Individuals expected chances of death after risk adjustment from the modeling
were aggregated to the LTC home level

o Expected deaths were compared against observed deaths, to assess if a LTC
home's deaths are higher than what it should have, given its resident composition

o Outlier detection: Ranking of adjusted rate, confidence intervals and benchmarks
were used to help outlier detection

• Data source: The Continuing Care Reporting System (CCRS) and HAB enhanced death
database

LTC100070312 01-6



Proposed Methodologies

Statistical modeling

• Use a predefined set of risk factors associated with death of

LTC residents, based on literature and expert consultation

• Run Regression modeling, estimating resident's expected
chance of death after risk adjustment

• low-risk individuals => low expectancy of death

• Home with low-risk residents => low risk-adjusted death rate

HMO 11"41iiiii

7
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Proposed Methodologies

Machine Learning

• It is a combination of methodologies from multiple realms
including inferential statistical methods and computer-science
algorithms, where the model/algorithm goes through multiple
steps of iterations using fit—predict—feedback loop. Mainly of two
types: supervised and unsupervised.

o Fit: Use of selected variables to build the model

o Prediction: Prediction of response and comparison with actual
value

c Feedback: parameter tuning, variable re-selection

• Random Forests, Decision Trees and XGBoost were explored

8
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Crude Rate, Adjusted Rate & Confidence Interval
Tota1 active clients: Number of people that resided in LTC homes over a defined period

Observed deaths (Observed):
Number of reported deaths in a home

Expected deaths (Expected):
Number of deaths a home is expected to have, after risk adjustment, based on the statistical
modeling/machine leaning algorithms

Observed
Crude rate:   x 100

Total active clients

Observed
Adjusted rate: x Provincial Rate

Expeted

o Confidence limits of adjusted rate: Byar's approximation

LCL Provincial * 
Observed ,

1
\.

*

1 1.96 \ 3
= rate *

Expected

UCL Provincial * 
Observed+1 (

1\
1

9*Observed 3A/Observecti

I 1,96
= rate

Expected 9-(pbserved ÷1.) 
+ 

3Observed +1))3

Where LCL = Lower confidence limit; UCL = Upper confidence limit

Confidence limits of expected deaths

o Use bootstrapping to generate

LTCI00070312 01-9



Pre-defined List of Risk Factors for Adjustni nt:
Used in Statistical Modeling Approach

Category Measurements
..... r y •E

Socio-demographics

Core Set

Sex; Age (at start of the study period)

Health conditions CHF; Dementia; Renal failure; Cancer

Conditions in RAI at
the latest assessment

Cognitive Perform Scale Dehydration Delusions

Depression scale Edema Leave Food Uneaten
Pain Scale Shortness of Breath Vomiting

Weight loss

Acuity Level

ADL difficulties (ADL Self-Performance Hierarchy Scale)
Previous hospital admissions in the past 30 days
ED visits within 365 days
ADL decline (compared to 90 days ago)
Cognitive status deteriorated (compared to 90 days ago)

Discharge bed type Four types: long-stay (including unknown), interim, convalescent, or respite

Additional Variables

Acuity Level
Changes in Health, End-Stage Disease and Symptoms and Signs Scale (CHESS)
Personal severity index (PSI)
End-Stage Disease: 6 months or less to live

Offset variables
(to adjust for study
design effects)

Years of exposure to LTC (years admitted to LTC)
Assessment interval variations (days between latest assessment and censored date—
exist date such as death, home transfer, or last date of study period, march 31)

lc
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Select Risk Factors

Scales/

Items

CHESS

Scale

Personal

Severity

index(PSI)

(for

age>90)

Pain Scale

Single

assess-

ment

items

Time Span o Measurement
Span/window of variables measured

In 7 days

*Dehydration
*Edema
*Shortness of Breath
*Vomiting
*Leaving food uneaten

*Cognitive skills impaired
*Lethargy
*Ability to understand
•ADL difficulties
•Incontinence
*Conditions or disease
make cognition, ADL or
behavior unstable
-Experience an acute
episode or a flair-up
Pressure/stasis ulcer

Presence of intense pain

Days received
antidepressant

In 14 or 30 days

*Repetitive
verbalizations (30

days)
*Recurrent statements
(30 days)

Use of oxygen therapy
(14 days)
Days doctor changed
order (14 days)

Compared to

90 days ago

*Decline in
Cognition
*Decline in ADL

*Changes or
deterioration in

care needed

Other

*Weight loss: 5% or
more in 30 days or
10% in last 180 days)
*End-Stage Disease: 6
months or less to live

.Weight loss: 5% or
more in 30 days or

10% in last 180 days)
*End-Stage Disease: 6

months or less to live

111
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Risk factors: Issues to be considered in
Statistical and Machine Approaches

• Did we miss any important risk factors?

• Are we over-adjusting? Are we risk adjusting home
variations in resident acuity or predicting mortality?

• Including risk factors based on measurements on status within past 7
days

• Including risk factors that may be manifestation of the symptom of
impending death, such as

o over-sleeping, loss of diet, personal severity index , end of life stage
disease, use of oxygen therapy, pain scale, CHESS

See Slides 41-42 for the completed list of variables included in all approaches of modeling
See Appendix C for association between some of the risk factors and death
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Outcome: Death

• Defined as death in LTC home or in other institutions within 30 days of
discharge from LTC

o LTC homes vary in their practice of temporary discharges of residents to ER or
acute hospital (in anticipation of resident's return)

• Some discharge residents right away or a few days after residents acute admission

• Some keep the beds while residents were admitted to acute hospital

o 18% of resident deaths in FY2015/16 are not recorded in CCRS but in DAD, ER or
other care settings while residents were temporarily discharged

:0

35

30

25
r.J
ra 20

15   -

10 •

f

Death In CCRS

. . — — — X 1--• X 7-1 = = = 7." = = = = = = = =

" o 
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Data Descriptive, FY2015/16

• 107,373 active clients (with assessment info)

• 21,074 deaths, or 19.6% of active clients die in the year

• Bed type: 99.2% in long-stay bed, remaining (0.8%) interim, convalescent
or respite bed

• Death rate by bed type

o Interim (22.4%),

o Long-stay (20.7%)

o Respite (4.9%)

o Convalescent (0.9%)

Lt.
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H DB of MOHLTC:

Small home: <=96 beds
medium: 97-160 beds

633 LTC Homes*

Large >=50
be.ds,
N=570

Small <50

beds,

N=63

(10%)

Active Li„liets,
107,327 Active Clients,

1) by Home Size

Large Home,

104,401

2) by Death Location

Small Home

2,926 (2.7%)

Resident Death (N=21,074), By Location

LTC Home

(N-16736),
78.3%

20000 , 

15000 —

10000

5000

0

in LTC;
Home

In LTC Horne Outside

LTCH 

R (N=432),

2.1%

Acute Hospital

(N=3,915),

19.1%

Other setting

(N=91), 0.51%

Largest horn in comparison with the acute hospital sector or in statistical sense.

• Baycrest, with most beds: 472 beds 590 active clients;

St. Joseph's Villa Oundas, with most active clients: 378 beds 787 active clients.
a 5
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Possible Approaches to Identify Homes with
Excessive Deaths/Death Rates (1)

Measure

Ranking of Adjusted Rate
• Rank adjusted rates to identify top-ranked LTC
homes (with highest adjusted rate)

Ranking Disparities
• Rank crude rates and adjusted rates and identify
homes with the biggest disparity in ranking
between crude rate and adjusted rate

Benchmarking
• Apply ABC (Achievable Benchmarks of Care)

methodology calculating rates based on top-
ranked (on risk adjusted rate) LTC homes that
represent at least 5% of residents (removing
bias from rates based on small homes)

Expected Deaths vs. Observed Deaths
• Compare confidence intervals of the expected

deaths with the observed number of deaths

How to interpret

• Homes with top ranks (1,2....) have the highest
adjusted death rates or rat o of observed to
expected deaths (more deaths than expected)

• Homes with low ranking in crude rate but top
ranking in adjusted rate are homes with
excessive deaths

• Homes with rates above the benchmarks are
homes with the excessive death rates

• Homes with confidence interval of expected
deaths below the observed number of deaths
have more deaths than expected

15
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Methods to Identify Homes with Excessive
Deaths/Death Rates (2)

• Homes with adjusted rates above
benchmark are homes with the
excessive death rates (Adjusted
Rate Ranking/Benchmark)

• Home with low ranking in crude
rate but high ranking in adjusted
rate (i.e. home with widest rank
difference between adjusted rate
crude-rate) (Ranking Disparities)

• Homes with confidence limits of
expected deaths below observed
number of deaths (Expected vs.
Observed Death)

24.0

22.0

7, 20.0

<1: 18.0
rt
cc 16.0

14.0

12.0

10.0  

27

25

23

f. 21

cl 19se

17

15

Adjusted rate
Benchmark

4.0

Horne 1

Home 1

Home 2

Horne 2 Home 3

Horne 3

II Crude rate

II Adjusted rate

Home 4 Home S Home 6 Home 7 17
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Statistical Results

18
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Coefficient Estimates of Risk Factors from Statistical Modeling, FY2011/12: Using Different Variable Sets

Pius EndStagef

Core set Plus EndStage Plus CHESS/PSI CHESS/PSI 

Intercept -7.208*** -7.155***

sex Female Vs. Male -0.399*** -0.399***

Age 0.041*** 0.041***

Years since 1st LTC Admission 0.017*** 0.018***

Days since last assessment -0.001*** 0.000*

ADL hierarchy 0.322***' 0.300***

Pain scale 0.188*** 0.152***

ADL decline 0.425*** 0.310***

Cognition decline 0.393*** 0.280***

Shortness of breath 0.506* 0.411***

Leaves food uneaten 0.719*** 0.677***

Dehydrated 0.934*** 0.555***

Weight loss 0.559*** 0.524***

Vomiting 0.213 0.147**

Cognitive performance scale 0.173*** 0.160***

Delusions -0.181*** -0.183***

Dementia -0.434*** -0A09***

CHF 0.145*** 0.148***

Cancer 0.066** -0.010 n.s.

Renal failure -0.069** -0.081**

Depression scale -0.009* -0,002 n.s.

Edema 0,093*** 0.089***

AIP admission in previous 30 days 0.780*** 0.764***

Previous ER visit Index 1 vs. 0 -0.030 n.s. -0.026 n.s.

Previous ER visit Index 2 vs. 0 0.132** 0.153 ***

Previous ER visit Index 3 vs, 0 0.498*** 0.529***

Previous ER Visit Index 4 vs. 0 1.644*** 1.695***

Bed type Interim vs. Long-stay 0.079 n.s. 0.058 n.s.

Co nva le scent vs. Long-stay -3.319*** -3.252***

Respite vs. Long-stay -1.556*** -1.575***

End-stage disease 1.790***

CHESS Scale

Personal severity index (PSI)

-6.555*** -6.598***

-0.381*** -0.382***

0.036*** 0.037***

0.011*** 0.013***

-0.001** 0.000 n.s.

0.151*** 0.166***

0.146*** 0.134***

-0.475*** 0.103*

-0.474*** 0.098 n.s.

-0.068 n.s. 0.305***

-0.003 n.s. 0.547***

0370*** 0.447***

-0.220*** 0.272***

-0.326*** 0.037 n.s.

0.079*** 0.086***

-0.241*** -0.231*** 

-0.395*** -0.389***

0.151*** 0.153***

0.038 n.s. -0.002 n.s.

-0.068* -0.079**

-0.018 -0.012**

-0.523*** -0.032n.s.......
0.740*** 0.741***

-0.035 n.s. -0.028 n.s.

0.121*** 0.137**

0.495 *** 0.517***

1.667*** 1.694***

(C statistics
-.85 for
all rr

Stat. Significance
p <.05,

*: p<0.01,
**: p‹.001,
n.s not significant

0.062 n.s. 0.063 n.s.

-3.290*** -3.246***

-1.522*** -1.548***

1.500***

0.734***0.119**

0.152*** 0.128***
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Assessing of using different risk factors sets
on Caressant Care, Woodstock
hree Periods:

2011Apr 2012Mar
2011.1u1 - 2012June
2013Apr - 2014Mar
(Coincided with the nurse
killing)

Ranking of Adjusted Rate
{Lower ranks
higher adjusted rate =
Observed/Expected Ratio)

All homes
(633)

Adjusted Rate vs. Benchmark

Observed vs
expected death 95%LCL

Adjusted rate + Benchmark
95%UCL

ratio

Core set

+ End-stage disease

+ CHESS, PSI

-I- CHESS, PSI, End-stage disease

1.30
140

145
98
107

105 

74

55/43.8: 1.26
50/40.6: 1.23
53/44.5: 1.19

55/41.8: 1.32
50/38.8: 1.2,9
53/42 2: 1.26

55/39.6: 1.39
70 50/36.1: 1.39

 69 ,

64 55/38.9: 1.41.

61 50/35.6: 1.40

64 53/38.7: 1.37

22.73 (17.1,29,6)
22.11 (16.4,29.2)
22.94 (17.2,30.0)
23,83 (18.0,31.0)
23.19 (17.2,30.6)

24,21. (18 1,31 7)

22.84 (18.8, 32.3)
24.55 (18.3, 32.3)

2,6Qif19.6. 33.8,

25.57 (19.3,33.3)
25.24 (18.7,33.3)
26.38 (19.8,34.5)

24.54 (18.5,31.9)
24.23 (18.0,.31.9)
25.98 (19_5,34.0)

+ CHESS, PSI, End-stage disease,
PSI individual items

90
88

1, 68 0

55/40.6: 1.36
50/37.1: (35
53/39.3: 1.35

29.43
29.97

32.30
29.71
29 59
32.02

30.22
30.21

'37 
30.12
30.14
32.43

1(1-- Higher observed-to-expected-death ratio = more deaths than expected
)? Higher rank: higher adjusted rate and more deaths than expected

163 beds Active
Clients

Observed
death

Crude
rate

Provincial
rate

2011Apr-Mar

2011.June-Jul

2013

231

232

237

55

50

53

23.81

21.55

22.36

18.10

17.98

19.26

29.82
29.70
32.12

Reminder: Crude & adjusted rates not comparable:
()observed Death

Crude rate x 100
Active Clients
Observed Death

Adjusted rate x Provincial rate
Expected Death

20
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Homes for Monitoring (1)
Based on Adjusted Rate Ranking & Benchmark
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Homes for Monitoring (1)
Based on Adjusted Rate Ranking & Benchmark

00 ,

90

80 -

70

o 60

50

40
CC

30 

s3

4 .8 341 2
3 8

Top 15 Homes

with Highest Adjusted Rate (95% Cl), FY2015/16

3 8 3 3 3:5

10

0

"
(.71

4 

3Ï2 

3 3-7 3 9 3t8 34

F2 Adjusted rate

H — H *3
C". ' n
x ......
-..1 . -...) -.1.

x

Benchmark 29.5%

Provincial Rate 19.4%

• All homes but one have confidence interval overlapped with the benchmark
• 37 homes have LCL above provincial rate (with adjusted rate rank up to 87)
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Homes for Monitoring (2)
Based on Ranking Disparity
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Homes for Monitoring (2)
Based on Ranking Disparity

Homes with Widest Rank Disparity between Crude & Adjusted Rates,
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43.8
--Adjusted Rate

6.S 26.2 26.2
25.1

23.8
24.9 25.6 25.3

OOOOOOOOOOOOOOO 000.41 .. .. MOMM.OF AMMOWM141140.• ************ ***************** aMMom041iMe.trit101400/444. * VO OO 110410..WOM1.1141,1111414 11, OO !IV O * 0 ** 4.0.04.1..04100-1

Coe 0 00
VI ct,

Benchmark 29.5%

Provincial Rate 19.4%

25

LTC10007031 2_01-25



A concordance measure on Residuals

Truth

Died Alive

Died

Alive

True

Positive

False
Negative

False
Positive

True
Negative

• Predicted probability continuous [0,1.]
• Cut-point of 0.5 can create bias (unbalanced

data)
• Possible solutions

• Average of Pearson's 
ResiduaYjPjyi.tC

VPi(1-Pi)• R

Average of Deviance Residual

• Rc =
.\11"y *10 a

,P 

nc

ni—yd*log
nryis\

\Thi+Pd.

nc number of patient in home c
•th= resident 1: died; 0: alive
prediction [0,1]

Positive Residuals => False Negative

• Ranking homes : sort Rc high to low
26
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Other concordance measure

Kendall's Tau

based on the ranking

- robust

Cohen's Kappa

Evaluates the agreement over and above the chance.

- Needs a threshold value (default=0.5)

Both are commutative:

- kendall(y,pj = kendrall(1-y,1-p); cohen(p,y) = cohen(1-y,1-p)

Cannot differentiate between False Negatives and False
positives

27
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Comparison of ranks*
Facility Name

* s top 20
Rank on Adjusted

Deviance Rate Rank

LTCH 72 1 1

LTCH 71 2 9

LTCH 76 3 5

LTCH 90 4 26

LTCH 91 5 23

LTCH 73 6 2

LTCH 70 7 10

LTCH 92 8 16

LTCH 75 9 4

LTCH 80 10 11

LTCH 93 11 24

LTCH 94 12 19

LTCH 95 13 17

LTCH 96 14 20

LTCH 78 15 7

LTCH 66 16 23

LTCH 97 17 96

LTCH 98 18 22

LTCH 77 19 6

LTCH 79 20 8

* - Logistic regression model.
23
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Machine Learning

Random Forest ,Decision Tree
and Gradient Boosting
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Data Preparation
- Random Forest

1. Read in the big list of data (593 variables)

2. Using this file as basis, removed all dates, and any variable

which isn't numeric

3. Dropped any irrelevant variables (ex: Disposition, Facility type,

flags)

4. Dropped all columns that have any missing values. At this point,

269 variables remain.

5. Converted some of the variables to categorical features (many

binary columns)

• Total of 625 features

• All of the variables in the statistical analysis are included

• Features are scaled to zero mean and unit variance before continuing

• Death as reported in CCRS and other care settings as target.

31
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Random Forest

• An ensemble learning method that uses many decision
trees

• Used for both feature elimination and final modelling

• Has a feature importance attribute

Parameters used (from grid search):

o 50 estimators

o Max feature that is 75% of the total number of features

o Max depth of 10

o Minimum sample at a leaf node of 75

o Minimum of 10 samples to split an internal node

32
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Recursive Feature Elimination

• Select features by recursively considering smaller and
smaller sets of features

• Algorithm:

1. Train on the whole feature set for 4 stratified k-folds

2. Obtain the average of those 4 scores obtained (C statistic

store this number

3. Remove the feature that is deemed least important

4. Train on this reduced set

5. Repeat steps 2-4 until there are no features left

33
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Recursive Feature Elimination - Results

Cr
os
s 
va

li
da

ti
on

 s
co

re
 

0_86

0.84

0_82

0.80

038

0_76

0..74

100 260 360 460 508 560
lumber of features selected

• After taking approximately the first 50 most important
features, adding any more features does not increase the
performance of the model
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Recursive Feature Elimination Features

65 features selected in total (C-statistic 0.867)

15 most important features:
Feature Importance Feature

0.330717

0.153854

0.098553

0.090195

0.055547

0.035042

0.018788

0.017751

0.015717

0.015449

0.013316

0.011231

0.010827

0.009871

0.009809

J5C_End_Stage_Disease

Previous ER visit within 30 days_sum score

Previous ER visit _Index _4

PSI (Personal Severity Index)

Days_since_last assessment

Leaves_food_uneaten

Convalescent bed
ADLShort_Form

Age_at_Fistart_date

P1AG_Oxygen_Therapy

Previous ER visit _SumScale

ADL_Long_Form

K2B_Weight

Previous AIP admission _Index _4

Q2_Change_ln_Care_Needs

* For a complete list, see Appendix C 35
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Homes for Monitoring Random forest

100 -

90

80

70 -I

60 .1
L.

*NC 50

<17
+4 40
ix

30 -1

20 -

10

—Provincial Rate (19A0%)

Benchmark (28.29%)

•

LTCH 72 LTCH 73 LTCH 75 LTCH 71 LTCH 76 LTCH 77 LTCH 78 LTCH 80 LTCH 79 :LTCH 74 LTCH 92 LTCH 82 LTCH 95 LTCH 70 LTCH 93
(1-50) (1-50) (51-100) (51-100) (51-100) (1-50) (201..250) (51-100) (151-200) (1-50) (101-150) (251-300) (151-200) (101-150) (101-150)
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General approach -
Decision Tree algorithm

Starting with a dataset of 258
relevant variables

• Tree model was utilized using
following parameters:

• Number of trees models : 100

• Build cumulative prediction

• Number of variables of importance: 19

• Maximum tree depth: 5

0_175

0.150 

-2 0_125

0,100

acas

0.050

0.025

0,000
46 50 80 100

Number of Models in Ensemble
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List of selected features
• C-statistic 0.856

19 most important features:

Feature Importance

0.402521506

0,259906589

0.114645997

0.059516717

0.055406783

0,042782576

0.023059122

0.010381948

0.00792764

0.006371226

0.005562775

0.002980782

0.0026611

0.001756746

0.001359297

0.001245765

0.000955315

0 000712054

0.000246062

Feature

J5C_END_STAGE_DISEASE

prevER30

PSI (Personal Severity Index)

disch_bedtype

CHESS

Days_since_lastassess

prevAlP30

ADL_hierarchy

PreyAlP30_surn

Leaves_food_uneaten

P1AG_OXYGEN_THERAPY

Years_in_LTC

PrevER_Index

Q2_CHANGE_IN_CARE_NEEDS

age_at_fystart

04C_DAYS_ANTIDEPRESSANTS

ADL_Short_Form_oc

ISE_cc (index of Social Engagement)

P8 JDAYS_DOCTOR_ORDERS_CHANGED
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Homes for Monitoring — Decision Tree

140.00 -

120.00 -

100.00

80.00 -

60.00 -

40.00 -

20.00

0.00  

Top 10 Homes (with Lower/Upper Bounds of Confidence Limits)

with the Highest Adjusted Rate, FY2015/16

X - Adjusted Rate

- Benchmark

LICH 72 LICH 73 LICH 77 ITCH 74 LICH 76 LICH 71 LICH 75 LICH 72 LICH $0 LICH 91
(1-50) (1-50) (1-50) (1-50) (51-100) (51-100) (51-100) (1-50) (51-100) (51-100)
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Homes for Monitoring Decision Tree

Homes with Widest Rank Disparity between Crude and Adjusted Rates, FY2015/16

IJfCH 74
(1-50)

LTCH 72
(1-50)

ITCH 73 LTCH 77

Crude Rate

Adjust ent Rate

LTCH 83 ITCH 75
(1-50) (1-50) (101-150) (51-100)

LrcH 82 LTCH 87
(251-300) (51-100)

ITCH 84
(1-50)

ITCH 99
(51-100)

ITCH 20
(51-100)

4?,
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eXtreme Gradient Boosting
(XGBoost)
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General approach
Gradient Boosting algorithm

Difference from Random Forest- build one tree at a time to

correct error of the previous tree. Random Forest builds
each tree independently

XGBoost python package

• Use regularization to reduce over-fitting

• Support parallel processing

• Cross-validation built-in

• Combine features from Standard approach and Decision
ree (37 variables)
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List of selected features
• C-statistic 0.899

Feature Importance Feature

0.149621

0.10912

0.103293

0.0782343

0.0490967

0.0474942

0.0407925

0.037296

0.036859

0.0285548

0.0269522

0.0218531

0.020542

0.0202506

0.0155886

0.0150058

0.0145688

0.0144231

0.013549

Days_since_lastassess

Yearsin_LTC

Years_since_lstAdm

age_at_fysta rt

PSI

PrevERIndex

P8_DAYS_DOCTOR_ORDERS_CHANGED

depression_scale

ADL_Short_Form_cc

ISE_cc

CP_scale

disch_bedtype2

ADL_hierarchy

Pain scale

Leaves_food_uneaten

P1AG_OXYGEN_THERAPY

04C_DAYS_ANTIDEPRESSANTS

J5C_END_STAGE_DISEASE

Q2_CHANGE_IN_CARE_NEEDS
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Homes for Monitoring - XGBoost

140

120

100

80

60

40

20

Top 1.0 Homes (with Lower/Upper Bounds of Confidence Limits}

• with the Highest Adjusted Rate, FY2015/16

X - Adjusted Rate
- Benchmark

0  
LTCH 72 • LTCH 73 LTCH 77 LTCH 74 LTCH 76 LTCH 71 LTCH 75 UCH 82 UCH 80 LTCH 91
(1-50) (1-50) (1-50) (1.50) (51-100) (51-100) (51-100) (251-300) (51-100) (51-100)
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Machine Learning:
Decision Tree vs. Random Forest

Pros Cons

Decision
Tree

Random
Forest

eXtreme
Gradient
Boosting
(XG Boost)

• Easy to interpret and implement

• Easy to generate rules

• Reduce modeling complexity

• Simple decision boundaries

• No distributional assumptions

• Better at addressing over-fitting

• No distributional assumptions

• Sub-optimality due to greedy
approach is reduced by the
ensemble approach.

• Use regularization for over-fitting

• Parallel processing

• Built-in cross-validation

• Remove tree when there is no
gain

*Hard to handle complicated
relationships

• Greedy approach, chances of getting
stuck into local optima vis-a-vis sub-
optimal tree

• Does not handle continuous variable
well with wider range and numerous
distinct values

• May suffer from over-fitting

• Ensemble method many tree using
sampling, computation intensive

•Sensitive to tuning parameters

• Decision rules can get pretty complex

• Sensitive to outliers

*Complex and hard to explain

• Hard to tune parameters
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Variable Com •arisons Across Ap • roaches
Statistical A • • roach Random Forest Decision Tree

Var # Start/End 27 /27 269 / 60 (or 65 features) 258/19

XGBoost

Facility Nature
Bed type

Study design Yea rs_since_lstAdm;
Days_since_last assessment

Demographic Sex; Age_at_FYstart

Medical cond. CHF;Cancer;Renal
failure;Dementia

ADL ADL_hierarchy

Previous AIP

admission (30,
90 365 days)

Previous ER

visit (30, 90,

365 days)

Deteriorated

condition

End of Stage

Acuity Level

prevAIP30

PrevER_Index

ADL_clecline (G9)
Cognition_decline (B6)

CHESS
EndSNe 6mo tolive
Pain_scale
PSI

Other outcome Cognitive performance (CPS)

scale

Beds
Begamiconvalescent bed,)
Years_in_LTC
Days_since_last assessment
Days since 1stAdm~ ̂_ 

---
Sex; Age_at_FYstart A

CHF

Bed type

Years_in_LTC
Days_since_last assessment

ADL Hierarchy; ADL_RUGIII ADL_hierarchy
ADL_Short_Form; ADL_Long_Form ADL_Short_Form_cc
GlDa_Walkin_Corridor_Self
GlDb_VValk_In_Corridor_Support
G1Ea_Locomot_On_Unit_Seif
Glfa_Locomot_Off Unit_Self
GlHa Eating_Self
ADL_C—AP2_cc

PrevAl P_Index_4
PrevAIP SumScale
prevAIP30 PrevAlP30_sum

PrevAlP30
PrevAlP30_sum

PrevER_Index (3,4) PrevER30
PrevER_SumScale PrevER_index
PrevER30_surn

G9_Change_ADL_Function
C12_Change_In_Care_Needs
P811aILDoctoiSrdeELChallged
CHESS
J5C_End Stat_Disease
J2A_Pain_Symptons_Freq
PSI

Index of Social Engagement (ISE)
Cognitive performance (CPS)

Q2_Change_In_Care_Needs

CHESS
J5CEnd_Stage_Disease
PSI

Index of Social Engagement (ISE)

Bed type

Years_in_LTC
Days_since_last assessment

Age_at_Fystart

CHF; Cancer; Renal failure;
Dementia

ADI__hierarchy

pre vAIP30

PrevAlP30_sum

PrevER_index

PrevER_index

ADL_decline (G9)
Cognition_decline (B6)

CHESS
En dStageArncLtRlive

Pain_scale
PSI

Cognitive performance (CPS)
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Variable Comparisons (Continued)
Statistical A. . roach Random Forest 'Decision Tree XGboost

RAI assessment Leaves_food_u neaten

Shortness_of_breath
Weight_loss
Vomiting
Delusions
Depression_scale
Edema
Dehydrated

Leaves_food_u neaten

K3A_Weight_Loss

Dehydration_CAP2_sc

Leaves_food_u neaten Leaves_food_u n eaten

Shortness_of_breath
Weight_loss
Vomiting
Delusions
Depression_scale
Edema
Dehydrated

Variables used in Random Forest or Decision Tree or XGBoost

Random Forest Decision Tree XGBoost
Ulcer related

M2a_stage_of pressure_ulcer

M5E Ulcer Care 

Test for Balance Oral/Nutrition Status Oral/Nutrition Status

G3A_Balance_While_Standing KlA_Chewing_Problem Weight Loss

G3B_Balance_While_Sitting KlB_Swa I lowi ng_P rob lem

G4Da_Leg_Range_Of_Motion K2A_Height; K2B_Weight

K5F_Dietary_Supplement

Skin Problem/Treatment Medication Medication

M4F_Skin_Tears_Or_Cuts 01_Num_Of_Medications 04C_Days_Antidepressants

M5D_Nutrition_intervention 04C_Days_Antidepressants Special treatment

M5G Apply_Dressings_Not_Feet 04E_Days_Diuretic PlAg_Oxygen_Therapy

Special treatment Other ecial treatment Other Special treatment
PlAg_Oxygen_Therapy G6A_Bedfast PlAG_Oxygen_Therapy Days received antidepressant P1AG_Oxygen_Therapy
P1Bca_Days_Physical_Therapy N1BTime_Awake_Afterno (04C Days_Antidepressants) Other
P1Bcb_Mins_Physical_Therapy on Days physician changed order

Days received antidepressant
N1C_Time_Awake_Evening (PS_Days_doctor_orders_chan

Activities_CAP2_cc geci)
(04C_Days_Antidepressants)

Days physician changed order

(P8_Days_doctor_orders_changed)

49
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Compare Lists of Homes
Across Approaches

Ranking by Approaches for A Random Selection of 300 Homes, FY2015/16

€25

LogisticReg DecisionTree

627

RandomForest XGB
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Compare Lists of Homes
Across Approaches

Ranking by Approaches For Top 50 & Bottom 50 Homes, FY2015/16

LogisticReg DecisionTree RanclomForest XGB
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Compare Lists of Homes
Across Approaches

Ranking by Approaches For Top 20 & Bottom 20 Homes, FY2015/16

1

LogisticReg DecisionTree RandornForest

For the list of Top 20 Homes, see Appendix A
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Adj, Rate Rank

MO odd ranked LTC homes

Sensitivity of Concordance measures

1 1  1

Resicival RankDeviance Rank

* - Logistic regression.
53
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Sensitivity of Concordance measures*

• , -

Adj. Rate Rank Deviance Rank Residual Rank

Top and bottom 50 LTC homes * - Logistic regression
54
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Sei s y of Concordance measures

Adj. Rate Rank Deviance Rank Residual Rank

Top and bottom 20 LTC homes * - Logistic regression
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Dead : 1

50%

Alive : 0

50%

False
positive

0.00 0.25 0.50 0.75

Predicted Probabies

status of patient Alive - Dead Alive Dead

** Logistic model

Q

Dead :1

80%

c.

1.00 0.00

Sensitivity

Alive : 0

20%

0.50

Predicted Probabilities

status cf patient 0 1 AIN& Dead

0.25 025 1.00
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balance and decision Sensitivity

Dead : 1 Alive : 0 Dead : 1

50% 50% 80%

15

_
000 0.25 0 50 0 75

Predicted Probabilities

status of patient Alive - Dead Alive Deicr.t

** Random Forest

1.00

Alive : 0

20%

6 4

2

0.0 02 0.4 0.5

Predicted Probabilities

status of patient - Alive   Dead

0.8

Afire Dead

1.0

57
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Summary

All approaches of modeling had a similar set of risk
factors or predictors

All approaches identified a similar set of homes with
excessive rate of mortality

We can use results from IML approaches as validation
homes identified across al' approaches as having top
ranked risk adjusted rate should be flagged for auditing
or inspection to identify reasons for excess mortality over
expected rate.

58
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Summary: Statistica
Machine Learning

Modeling 
vs.

Pros Cons

Statistical

(Logistic)

Machine

Learning

• Logistic modelling technique
fairly reliable

• Well developed and established
methodology

• Efficient and fast

• Emphasis on inference

Multi-collinearity is not an issue
due to underlying trees
approach

• Faster algorithms in handling
large datasets

• Flexible in building linear and/or
non-linear relationship

• No distributional assumptions

• Emphasis on prediction and
predictive accuracy of models

• Collinearity can be an issue

• Cannot handle non-linear
relationship

• Restricted to literature and
experts for variable selection

• Pretty much black box
approach

• Interpretation of the model is
difficult

• Possibility of suboptimal
solution

• Tuning parameters can add
extra complexity in model
building
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Limitations
and

Next Steps

60
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imitations and Challenges (1)

Risk adjustment models can and can't do:

o Can remove impact of patient acuity due to medical, functional or
behavioral status on a home's death rate

o Cannot isolate death due to intentional killing from death due to
poor quality of care provided by LTC home.

Most homes are small, and confidence interval for adjusted rate
or expected deaths are wide; if we consider confidence interval
aside from point estimate, we'd

o flag no home, if against Benchmark, and

o flag homes that may not have the most excessive rates or miss out
high-risk homes due to their wide Cls, if against provincial rate

Small homes rate not stable, so it is difficult to reliably signal
small homes, even if we use two years of data
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Limitations and Challenges (2)
Which Assessment To Choose for Risk Adjustment

• Risk factors based on the latest assessment
may reflect the status of dying

o Sicker patients are assessed more
frequently to the extent of within days of
death

o Current adjustment (A): control for days
since the last assessment (i.e. interval
between last assessment and censored
date)

40

35

30

25

20

15

10

5

0

% died

•

0-1 6-12 20_26 34-40 48-54 62-69 76-82
(N=3544)(f4=8927) {N=9148) (N=8297) (N.-8383) (N=7566) (N=7463)

Interval between last assessment date
and censored date
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Next Steps

• Model on a 12-month or 24-month rolling period,
as soon as new quarterly data becomes available.

• Expand to include adverse events as part of LTC
quality of care surveillance, including hospital
admissions and ER visits of for fractures, pressure
ulcers, pneumonia, and urinary tract infections

53

LTC100070312 01-63



LTC100070312 01-64



Appendix A. 20 Top Ranked Homes From Three Approaches Each

LTC_horne

Flanking Logistic Random Forest Decision Tree Xt9Boost

Active Obs Crude
Clients deaths rate

Log-
istic

RF DT XDB
Exp'd
death

OPE
ratio

Adj
rate

Exp'd
death

OPE
ratio

Adj
rate

Exp'd
death

OPE
ratio

Adj
rate

Exp'd
death

OPE
ratio

Ad
rate

LCTH 72 (1-50) 35.5 1 'I 1 1 3.3 3.32 64.4 3.4 3.24 62.7 3.6 3,07 59.6 3.4 3.24 63.9

um 73 (1-50) 20.0 2 2 2 51 1.1 2.65 51.3 13 2.26 43.7 1.4 2.21 42.9 2.2 1.36 26.8

LCTH 74 (1-50) 13.0 3 10 4 130 1.3 2.26 438 1.3 155 30.1 1.4 2.08 4a3 2.5 1.20 23.6

LCTH 75 (51-100) 23.0 4 3 7 2 10.2 197 38.2 11.3 1.77 34,4 no 1.81 35,1 10.7 1.87 37.2

LCTH 76 (51-100) 32.2 5 5 5 13 15.7 1.85 35.8 17.1 1.70 3a0 14.4 202 39.2 1a1 1.60 31_8

LCTH 77 (1-50) 23.8 6 6 3 9 2.8 1.79 34.8 2.3 170 33.0 23 2.16 41.8 3.0 1.67 32.7

LCTH 78 (201-250) 24.0 7 7 11 4 2a3 1.77 34.3 328 1.62 315 31.2 1.60 31.1 28.5 1.75 34..9

LCT11: 79 (151-200) 24.0 8 9 14 3 24.3 1.73 33.5 26.8 1.57 30.4 26.5 1.59 30.8 23.6 1.78 35.3

LCTH 71 (51-100) 34_0 9 4 6 11 19.8 1.72 33.4 19.7 1.73 33.5 18.7 1.82 35.3 20.9 1.63 32.3

LCTH 70 (101-150) 29.0 10 14 17 10 19.3 1.71 33.2 22.1 1.50 29.0 21.2 1.56 30.2 20.1 1.64 32.6

Lcm $0 (51-100) 26.7 11 8 9 14.1 1.7 33.1 14.8 1.62 314 14.3 1.68 32.7 14.2 1.69 33.6

LCTH 81 (51-100) 20.5 12 40 27 5 10.4 1.63 31.7 2.5 1.36 26.5 11.3 1.50 29.1 9.8 1.73 34.4

LCTH 82 (251-300) 223 13 12 8 34 38.3 159 30.9 39.7 1.54 29.8 34.9 175 33.9 43.9 1.39 28.0

LCTH 83 (101-150) 18.6 14 49 13 24 13.9 1.59 30.8 16.6 1.33 25.7 13.8 1.59 30.9 15'6 1.41 29.3

LCTI-1 43 (51-100) 22.6 15 51 62 125 13.4 1.57 30.4 15.9 1.32 25.6 15.4 1.37 26.5 16.7 1.26 23.7

IXT LI 92 (1-50) 29.7 16 11 15 20 24.4 1.56 30.2 24.7 154 29.9 24.0 1.58 30.7 25.2 1.51 30.0

LCTH 95 (151-200) 26.9 17 13 31 15 27.2 1.54 30.0 28.0 150 29.1 28.5 1.48 28.6 26.5 158 31.5

LCTH 100 (101-150) 23.1 18 44 33 46 20.1 1154 29.9 23.1 1.34 26.0 211 147 234 23.6 131 27.0

LCTH 94 (51-100) 27.4 19 22 36 28 16.9 1.54 29.9 17.8 1.46 28.4 17.9 145 28.2 18.0 1.44 28.6

LCTH 96 (51-100) 27.3 20 30 35 41 17.6 1.54 29.8 19.0 142 27.5 18.6 145 28.2 19.7 1.37 27.3
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Appendix B. Percent of Death, By Assessment Response

% Died by Responding Status % Died, by assessment responses
No Yes

PSI 0
4.5

3
12.0

5
20.7

7
28.2

9
45.8

11
74.7

13
88,9

14+
95,0ADL decline 15.6 40.5

Cognition decline 17.4 48,0 ADL Hierarchy Scale 0 1 2 3 4 5 6
Shortness of breath 17.8 40.8 5.8 5.7 7.8 10.6 20.9 28,6 41.8
Leave food uneaten 12,6 32.3 Cognitive Performance Scale 0 1 2 3 4 5 6
Dehydrated 19.2 77.2 10.9 14.8 14.8 18.4 23A 24.1 38.9

Weight loss 17.3 43.6 Depression scale 0 1 2 3 5 6 7+

Vomiting 19.5 35.8 17.1 20.5 21.4 20.6 22.0 22.4 26.5
CHESS 0

9.1
1

15.9
2

28.7
3

49.4
4

73.5
5

91.6
Clostridium Difficile 19.9 35.8
Fell in past 30 days 19.1 24.0 Prior ER visit index 0 1 2 3 4
Delusions 20.0 19.3 13.6 14.1 18.9 26.6 56.8
Dementia 17.8 20.9 Pain scale 0 1 2 3
CHF 18.6 28.0 17.2 23,0 28.4 42,2

Cancer 18.9 26.8 B4 cognitive_skills 0 1 2 3

Renal failure 18.9 26.7 11.4 14.9 19A 31.0

Edema 19.0 25.5 C6_unclerstands_oth ers 0 1 2 3

AIP admission in previous 30 day
EndStage_6mo_tolive

17.2

16.1

61.0

73.6

14.3 19.3 26.1 32.8
B5e_periods_of lethargy 0

15.6
1

29,6
2

65.2
.15k.condition_lead to instable 17.0 24.0 Etc repetitive_verbalizations 0 1 2
J5B_experiencing_acute_episode 18.0 34,2 18.6 22.8 24.5
PIAg_Oxygen_Therapy 16.9 50.1 E1g_recurrent statements 0 1 2

19,3 26.3 26.8
Qichange jn_care_needs 0 1 2

16.0 7,7 43.8
H1a_bowel continence self 0 1 2 3 4

10.1 16.6 18.0 22.1 30,7
Ina stage of_pressurtulcer 0 1 2 3 4

17.3 32,8 41.4 443 503
stage_of stasis_ulcer 0 1 2 3 4

19.7 29.1 30.6 33.9 48.4
P8 Days doctor orders chan 0 1 2 3 4 5+

ged 13,3 18.7 24.8 34.0 38.7 49.6 66
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Appendix C. Random Forest Recursive Feature Elimination
(65 features)

Importance Feature Import ance Feature
0.3307 J 5C END_STAGE_DISEASE 0.0018 M4F_SKIN_TEABS_OR _CTJTS

0.1539 PrevE1130_sum 0.0017 04E_DAY S_DIUR ET IC

0,0986 PrevER 0.0016 K1B_SWALLOWING_PlIOBLEM

0.0902 PSI 0.0016 Dehydration_CAP2_cc
0.0555 Days_since_lastasses 0.0015 01...NUM OF_MEDICATIONS

0.035 Leaves_food_uneaten 0.0015 GlHA__EATING_SELF

0.0188 Convalescent 0.0015 CHESS...4

0.0178 ADL_Short_Forra 0.0015 N1B _TIME AWA KE_A FTEBNOON

0.0157 age_at_fystart 0.0014 PrevAIRSumScale

0.0154 P 1 A C_OXYGEN_THERAPY 0.0014 G1DA_WALK_IN_CORBIDOR_SELF

0.0133 PrevEB _Sum Scale 0.0014 M5G_APPLY_DRESSINGS_NOT_FEET

0.0112 ADL_Long_Form. 0.0013 K5RDIETARY_SUPPLEMENT

0.0108 K2B_WEIGHT 0.0012 G1FA_LOCOMOT_OFF_IJNIT_SELF

0.0099 Prey A TP_Index_4 0,0012 G1EA_LOCOMOT_ON_UNIT_SEI  F

0.0098 Q2_CHANCE_TN_CARE_NPFDS 0.0011 04C_DAYS_ANTIDEPRESS ANTS

0.0085 CHESS...1 0.0011 CHESS_3
0.0083 PrevAIP30...surn 0.0009 ..12A_PAIN_SYMPTONS_FREQ

0.0073 G9_CHANGE__A_DL_FUNCTION 0.0009 CP_scale

0.0069 M2A_STAGE _OF_PRESSITRE_ULCER 0.0008 P1BCA_DAY S_PHYSICAL_THERAPY

0.0067 prevAIP30 0.0007 G4DA_LEG_RANGE_OF_MOTION

0.0051 Years_in_ITC 0.0007 G1DB_WALK _IN_CORRIDOILSUPPORT

0.0043 P8...DAY S_DOCTOR_ORDERS_CHANGED 0.0006 Activities_CAP2_oc

0.004 Days_sinoe_1stAd nr1 0.0006 NIC_TrIVIE_AWAKE_EVENING

0.004 Beds 0.0006 ADL_Hierarchy
0.0036 K2A_HEIGHT 0.0006 KIA__CHEWING _PROBLEM

0.0034 M 5E_ULCER_CA RE 0.0005 CHF
0.0034 K 3A_WEIGHT_LOSS 0.0005 PrevER__Index_3

0.0032 ADL_RUGIII 0.0004 ADL__CAP2_cc

0.0029 ISE 0.0004 M5D_NUTRI`noN__INTERVENTION

0.0029 CHESS.2 0.0004 G3A_BA LANCE_WHILE_STANDING

0.0028 P 1BCB_MINS_PHYSICAL_THFRAPY 0.0003 G6A_BEDFAST
0.0023 female 0.0001 CHESS_5

0.00.19 G313_BALANCE_WHILE_S ITTIN G
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Appendix D. Data Challenges

Issues Solutions

Death date in CCRS is not necessarily
the actual death date

Multiple deaths

Not all LTC residents' death is
recorded in CCRS

• Death is recorded under the disposition reason field and disposition date
is simply the date the LTC home discharged the resident due to death,
which may not be the actual date of death and home may not be the
location of death

• We fixed some of them

• A resident died in multiple occasions or multiple homes
Death is not necessarily the last record in CCRS

• We fixed them.

• Varying by LTC home's practice of their temporary discharges of residents
to ER, hospitalization or other care setting
"A discharge record may also be completed when the discharge is
temporary (that is, when the resident's return is anticipated). It should
be noted that any absences from the facility where the resident is not
formally discharged (such as a medical or social leave of absence) are not
recorded within CCRS.'

• We include death outside of home in our analysis

Residents assigned a new episode ID •
after return to the same home

Missing discharge dates

We treated them as same active clients

• A person is already discharged to home 8 but it is still an open discharge
date at home A.

• We fixed.
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Predicting Death in the Nursing Home: Development
and Validation of the 6-Month Minimum

Data Set Mortality Risk Index

Davina Porock,1 Debra Parker Oliver.' Steve Zweig,' Marilyn Rantz,4 David Mehr,3
Richard Madsen,5 and Greg Petroski6

'School of Nursing, University of Nottingham, United Kingdom.

`School of Social. Work,

('Department of Family and Community Medicine, School of Medicine,

.4Sinclair School of Nursing,

'''Department of Statistics, and

611ealth Science Center, University of Missouri-Columbia.

Background. Currently, 24% of all deaths nationally occur in nursing homes making this an important focus of care.

However, many residents cue not identified as dying arid thus do not receive appropriate care in the last weeks and months
of life. The aim of our study was to develop and validate a predictive model of 6-month mortality risk using functional,
emotional, cognitive, and disease variables found in the Minimum Data Set.

Methods. This retrospective cohort study developed anti validated a clinical prediction model using stepwise logistic
regression analysis. Our study sample included all Missouri long-term-care residents (43,510) who had a full Minimum Data
Set assessment transmitted to the Federal database in calendar year 1999. Death was confirmed by death certificate data.

Resuhs. The validated predictive model with at c-statistic of .75 included the following predictors: a) demographics
(age and male sex); b) diseases (cancer, congestive heart failure, renal failure. and dementia/Alzheimer's disease);
c) clinical. signs and symptoms (shortness of breath, deteriorating condition, weight loss. poor appetite. dehydration,
increasing number of activities of daily living requiring assistance, and poor score on the cognitive performance scale);
and d) adverse events (recent admission to the nursing home). A simple point system derived from the regression equation
can be totaled to aid in predicting mortality.

Conclusions. A reasonably accurate, validated model has been produced, with clinical application through a scored

point system, to assist clinicians, residents, and family members in defining good goals of care around end-of-life care.

TWENTY-FOUR percent of Americans die in nursing
1 homes (I). Accordingly, dying in the nursing home has
received an increasing amount of attention and scrutiny
(2-4). Somewhat contradictory, the major focus of care in
nursing homes has been restorative and rehabilitative to
meet regulatory requirements and to generate greater
reimbursement (4). Despite the number of deaths that occur
i.n nursing homes, there is much research and clinical
evidence to suggest that the care of residents at the end of
their life is commonly unsatisfactory (5-7).

There are multiple potential benefits in recognizing nurs-
ing borne residents at great risk of dying. This recognition
should precipitate a thorough discussion of prognosis and
goals of care. For those residents or family members
choosing a palliative course, the focus of care might he on
settling issues with family members and symptom manage-
ment, perhaps 'foregoing surgical procedures or uncomfort-
able hospitalizations. For those c.hoosing length of life as the
highest priority, this serious prognosis recommends inten-
sive investigation and attempted reversal of underlying prob-
lems. Knowing that a resident is at the end of life is fundamental
to ensuring that their wishes are known and respected and that
the quality of their life and death reflects their choices.

Every .nursing home in the United States that receives

An

Medicare or Medicaid funding for its residents is required to
complete a full. Minimum. Data Set (MDS) assessment of
functional, emotional, cognitive, and disease status on each
resident a) within 14 days of admission, b) annually, and
c) when any signifiamt event or change i.n condition. occurs.
Rather, a shortened assessment is completed every 90 days
following admission. A recent study (8) found that just 4.5%
of new admissions were designated as being at the end of
life (expected to die within 6 months) as recorded on the
MDS. Almost 1 in 5 residents not designated as near the end
of life also died within 6 months of admission, thus demon-
strating that (at least up to 6 months ahead of time) we do
not recognize a substantial number of residents as dying.
The purpose of this study was to identify the MDS

indicators that best predict 6-month mortality in nursing
home residents to coincide with the Medicare hospice •
benefit timeframe. The predictive model was developed to
inform research and practice with the goal of facilitating
e.nd-of-life planning and medical decision making.

METnons
The study was a secondary analysis involving linked MDS

and death certificate data from the State of Missouri.
Approval from the University of Missouri Health Sciences
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Institutional Review Board at the University of Missouri-
Col umbia was obtained. The MDS provided the demographic
and clinical variables to be considered as predictors of
m.ortatity, whereas the death certificates provided the most
precise information about the date and -place of death. The
sample consisted of all Missouri long-term-care residents
in nonhospital-based facilities who were over the age of 65
at the time of their first full assessment in 1999 and had
a full MDS assessment transmitted to the Federal database
in calendar year 1999.

Instrument
The MDS is a comprehensive standardized assessment

instrument of more than 400 items for all long-term-care
residents in facilities that receive Medicare or Medicaid
funding (9). A full. assessment is required within .1.4 days of
admission, annually, and after significant change in resident
status There is growing evidence in the literature of the
reliability and validity of many of the items of the MDS
instrument and data (9-1.5),

Study Variables
The dependent variable in all analyses was death at 6

months following the first full assessment in 1999. The
potential predictors of mortality were items from the MDS
survey that represented factors from previous research and
clinical experience associated with the dying process. The
team, consisting of experienced researchers and clinicians,
identified 50 individual MDS items as having a potential
relationship with prognosis and/or mortality; these fell.
into four main categories: I) demographics (e.g., age, sex),
2) diseases (e.g., cancer, chronic obstructive pulmonary
disease, congestive heart failure), 3) clinical signs and
symptoms (pain, shortness of breath, weight loss, activities
of daily living [AMA, cognitive function), and 4) adverse
events (e.g., falls, infections, hospitalizations, loss of
a spouse). The cognitive performance scale (CPS) was used
to assess cognitive function. as devised by Morris and
colleagues (12). Independence in ADLs was assessed using
a composite score of seven ADLs from the self-performance
items from the MDS as devised by Morris and colleagues
(16). These seven ADLs were bed mobility, transfer
between surfaces (e.g., bed to chair), locomotion on unit,
dressing, eating, personal hygiene, and toilet use.

Data Set Creation
The data from the MDS assessments from the 1999

calendar• year were matched with Missouri death certificate
data from January .1999 through. December 2000 to de-
finitively identify residents who died. Records from residents
in hospital-based nursing facilities were excluded from the
analyses, as were resident records with missing last name,
sex, or Social Security Number. Details of this matching
procedure can be found in the Appendix.

Data Analysis
There were 43,510 residents in the data set. Seventy-five

percent of the data was randomly selected to become the
developmental data set with the remaining 25% set aside for
validation. From this developmental data set, 20 randomly

selected independent subsamples of about 11,000 residents
(one third of the developmental set) were created. One
reason for doing this was to avoid having so much power
that we were observing statistically significant differences
that were so small as to be of no clinical relevance. A second
reason for looking at multiple subsets of the developmental
set was to avoid problems associated with using stepwise
selection of predictor variables. Variables that appear to be
significant in one subset of the data may not appear to be
significant in other subsets. By looking for predictor
variables that were consistently selected from one subset
to another, it is more likely that a model based on these
predictors will be predictive in the validation data.
Many of the 50 variables listed as potential predictors

were simple dichotomous variables. For those variables that
were not dichotomous, but were at least ordinal, we
investigated the form of the relationship of the predictor,
using residual plots from generalized additive models to
help determine the best form (17). Next we considered all
variables univariately to determine if any one, by itself, was
a useful predictor of 6-month inortality. :In view of the
relatively large power when dealing with 11,000 residents,
only variables significant at the .01 level were retained for
further consideration in the multiple-predictor models. The
remaining steps of the analysis are described with the
:resulting findings.
Of the 50 variables selected from the MDS for analysis,

an initial screening showed that 26 had a significant
relations:hip with 6-month mortality. Using all variables
that passed the initial screening, we used a stepwise logistic
regression procedure to find which variables would be
retained in a multivariable predictor naodell. Due to sampling
variation, a -variable in one model might not be retained in
a subsequent fitting of a model based on a different sample.
For that reason, we tested the variables in the 20 randomly
selected subsatnples to find which variables were retained
every time, all but one time, and so forth.
To determine which variables to include in a final model,

we considered two factors: how often a variable was
selected by the stepwise procedure, and the step at. which the
variable was selected. To this end, each variable received
a score based on the frequency and order with which they
entered each model., i.e., the first variable selected by step-
wise regression received the score of 20 points, the second
variable 19 points, and so on. A total score was the sum of
points for each variable across the 20 models. Table 1
details the frequency with which each variable entered the
models and the total points scored.
The cutoff point to determine whether a variable could be

considered a reliable predictor was decided on die basis of
the frequency that it appeared in the 20 subsamples as well
as the total score. A break. clearly appeared after the 14t1.1
variable, so the first 14 variables were kept for further fitting
of the model.

After the set of variables to he kept had been cletertnined,
all possible two-way interaction terms were defined for
possible inclusion in the final model. A stepwise procedure
again was used 011 each developmental subsatnple with the
condition that all main effects be forced into the model
before the interactions were considered. 'Two interactions
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'Table 1. Frequency and Scores for Variable Entry Into 20
Subsamples of the Development Data Set

Variable

Ranking Variable Name

Frequency

of Model

Entry

Total
SODA: of
Ordered

Entry

1 Activities of daily living (ADLs) requiring

assistance (0-7)

20 379

2 Shortness of breath 20 338

3 Cancer diagnosis 20 328

4 Recent admission to nursing home 20 322

5 Poor appetite 20 287

6 Male sex 20 277

7 .Deteriorating condition 20 274

8 Weight loss 20 249

9 Chronic heart failure 20 236

10 Age 20 190

1l Renal failure 20 180

12 Cognitive Performance Scale score (0-6) 19 119

13 Alzheimer's disease or dementia 18 97

14 Dehydrated, definition 17 129

15 Pain, moderate M severe nearly every day 13 76

16 Infection, pneumonia 13 56

17 Pain, excruciating every day 11 52

18 Sleep. definition 9 49

19 PaltillS011's disease 6 30

20 Infection. tuberculosis 5 15

21 Affect- change 4 14

22 No. of times hospitalized in the

past 90 days

2 10

23 Infection, Clostridium difficile 2 7

24 Communication problems 1. 7

25 Edema 1 6

26 Infection, antibiotic-irsistant infection 5

consistently appeared in these analyses: "cancer and age"
and "admission to 'the nursing home and deterioration."
With a diagnosis of cancer, the risk of dying was greater the
younger the resident was. The interaction between admis-
sion and deterioration suggested that the effect of these two
variables was not simply additive. Thus we had 14 variables
and 2 interactions to fit the model.

After deciding on the variables to he entered into the
predictive model, we used all of those variables with the
entire developmental set (32,484 observations) to estimate
the final parameters and validate the model. To account for
possible dependence of outcomes within the same home, we
used the Generalized Estimating Equations (CiEE) (18)
approach, and modeled the covariance using an exchange-
able (or compound sytnmeny) model.
We compared the ordinary coefficients and the GEE

coefficients and found them to be quite close. Table 2 shows
the c-statistics for four cases. Using coefficients from the
model found using the developmental data, we found the

Table 2. Summary Table of Developmental Validation Data Sets

Data Set Mcihod c-Statistic

Development
Development
Val idat ion

Validiuion

Ordinary
Generalized F.stimating Equations

Ordinary

Generalized Estimating Equations

0.762

0.762
0.753

0.7.53

Table 3. Comparison of the 1999 Missouri Minimum Data Set

Data Oncluding Developmental and Validation Subsets) With

National Data on Selected Detnoginphics

Variable

Total
Sample

= 43,510)

Developmental
Data

(N = 32.599)

Validation
Data National

(A, = 10,911) Data*

Age, y

65-74 13.00% 13.00% 12.77% 12.00%

75-84 36.48% 36.38% 36.79% 32.00%

35-1- 5().51% 50.53% 50.44% 46,00%

Sex

Male 26.44% 26.31% 26.84% 28.00%

Female 73.56% 73.69% 73.16% 72.00%

Race

White
(non-Hispanic) 91.85% 91.86% 91.84% 87.10,.'4,

Black
(non-Hispanic) 7.60% 7,58% 7.64% 10.40%

Other/unlmown 0.50% 0.50% 0.50% 2.50%

Note: *Ciabrel CS, Jones A. The National Nursing Home Survey: 1997

summary. Vital and Health Statistics-Series 13: Data from National Health

Survey. 2000:147.1-21.

c-statistic when the model was fit to the developmental data
and when the same model was used with the validation data.
The c-statistic is a measure of the predictive value of the
logistic regression model with values ranging from 0 to 1,
with large values indicative of better predictive value. This
cotnparison was repeated for the model using the ordinary
coefficients and the model using GEE coefficients. The
relatively small change when fitting the models to the
validation data indicates that the model validates quite well.

Other measures of model fit related to measures of
discrimination and calibration (19). Discrimination is the
ability to separate the successes from the failures, i.e., for
higher values of estimated probability, there should be

Table 4. Validated Logistic Regression Model of 6-Month

Mortality in Nursing Home Residents

Variable df Estimate

Odds
Ratio

Estimates

95% Wald
Confidence

Limits

Intercept -5.8475

Activities of daily living 0.2467 1.280 1.254 1.306

Shortness of birth 0.7849 2.192 2.019 2.381.

Loss of appetite 0A634 1.589 1.496 1.668

Sex 0.5885 1.801 1.689 1.921

Weight loss 0.4366 1.547 1.428 1.676

Chronic heart failure 0.3771 1.458 1.367 1.555

Renal disease/failure 0.6183 1.856 1.6.32 2.110

Cognitive performance scale 0.0907 1.095 1.073 1.117

Alzheimer's disease or dementia -0.2399 0.787 0.737 0.840

Dehydrated 0.4603 1.585 1.416 1.774

Cancers 5.2889

Age' 0.0269

Cancer = Age' -0.0523

Admission.' 0.8379

Deteriorated' 0.6904

Admission Deteriorationt -0.5057

Note: 'Odds ratios cannot he calculated for variables included in inter-

action terms.
"Interaction.
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Figure I. Kaplan—Meier survival curves for each quintile of risk of dying using the developmental data set.

a very high proportion of residents who die, whereas for
lower values of estimated probability, a low proportion
should die. We then compared the proportion of deaths in
the highest quintile of the estimated probabilities relative to
the proportion in the lowest quintile. For the developmental
set, the ratio is 8.91; for the validation set, this drops only to
8.12. Calibration, which determines whether the predicted
and observed mortality are similar over the range of
predicted risk, was checked by looking at the observed
and expected proportions of death within each deci.le of
prObability values. This was summarized by a Hosmer-
Lemeshow statistic and, even with the large sample size and
associated power, the results were satisfactory. For the
developmental set, the p value for the Hosmer-Lemeshow
test was .58 and for the validation set it was .16.

REstil,TS

Demographics
Demographics of the total sample of 43,510 residents and

the development and -validation subsets were compared with
national statistics to determine the generalizability of the

findings. Table 3 summarizes those findings. Overall, 23%
of the residents died .in the 6 months following their first full
assessment of 1999/2000. The final validated 16-item model
for predicting the risk of death within 6 months is presented
in Table 4.
To illustrate how well the quintiles of the estimated

probability of dying (or the risk of dying) relate to survival,
we made Kaplan-Meier survival curves for each quintile
within the validation set. The plot shown in Figure 1
illustrates how the estimated survival curves are succes-
sively lower as the quintiles of risk get higher.

Implications for Practice—The 6-Month MDS
Mortality .Risk Index
Having identified an optimal set of predictors, we derived

a 6-month mortality risk index from the final logistic model.
The 6-month MDS Mortality RiSk Index (INAMRI) is a simple
algorithm that assists in using selected MDS items to
determine a resident's risk of dying within the next 6
months. The algorithm was guided by the results of the
logistic regression analysis but is not identical to the
.regression model, and is an additive scale with weights

LTCI00072901-4
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6-Month MDS Mortality Risk Index Point System

Age Without Cancer
.569 1 pt

Age With Cancer

70-78 2 pts 5.74 8 pts
79-88 3 pts 75-84 7 pts
89-98 4 pts 85-94 6 pts
99+ 5 pts ?_95 5 pts

CPS score
0-1
2-4
5-6

Admission and/or deteriorating score
Admission only
Deteriorating
Both admission and deteriorating

Subtotal number of points

Grand total number of points

0 pts
1 pt
2 pts

3 pts
3 pts
4 pts

Age points

CPS points

Admission/deteriorating points

ADL score

Shortness of breath (3 pts)

Poor appetite (2 pts)

Male (2 pts)

Weight loss (2 pts)

Chronic heart failure (2 pts)

Renal failure (2 pts)

Dehydrated (2 pts)

Alzheimer's (subtract 1)

Figure 2, Algorithm for calculating individual risk based on points derived from the logistic regression analysis—Minimum Data Set Mortality Risk Index,

being assigned by rounding the regression coefficients from
the final logistic Model. The MMRI point system can be
found in Figure 2. Figure 3 compares the actual deaths with
the predicted deaths using the point system, and demon-
strates the validity of the system. To illustrate the utility of
the MMRI, Table 5 presents the mean proportion of deaths
that occurred in the 6 months following assessment.
The following examples illustrate bow the MMRI conk!

work. A 90-year-old man with Alzheimer's disease who has
a score of 6 on the CPS (reflecting advanced cognitive
impairment) and a score of 5 on the ADL scale would have
a total 14 points. Table 5 indicates that, in this point range,
about 20% of residents would be expected to die in the

following 6 months. Whereas, an 82-year-old man with
a CPS score of 6, poor appetite, weight loss. a "totally
dependent" score on the ADL scale, and assessed to be
deteriorating would receive a total score of 22, and would
have a nearly 75% chance of dying within the next 6
months. If these conditions were judged irreversible, .it
would certainly be appropriate to plan for end-of-life care.

DISCUSSION
The validated predictive model. of 6-month mortality in

nursing home residents included variables that are not
surprising to those working in this area. It is possible that
some predictors are potentially reversible, for example,
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Figure 3. Comparison between actual modality and predicted modality using the .point system.

artificial feeding and/or fluids for weight loss and hydration.
However, the potential for reversibility must be considered
in the light of whether such intervention would in fact be
futile, what the risk of causing harm (e.g., to dignity or risk

Table 5. Proportion of Mortality Within 6 Months Based on Minimum
Data Set Mortality Risk Index Point Score Ranges

Set

Sensitivity, Specificity, False- False-

Points N 'I, Died it % Positive Negative

Development 0-101.1.239
11-14 10,743

15-18 5438

19-21 1466
22+ 598

Validation 0-10
11-14

15-18
19-21
221

4710
3589

1854
520

209

9.1

23.0

42.8

61.9
81..3

10.1

22.9

43-4

58.1

81.8

100.0

82.6

49.7

18.6
6.5

100.0

81.6

49.6

18.4

6.6

0.0

51.8

84.9

97.3
99.(t

0.0
51.0

84.3

96.9

99.5

76.0

66.1
50.4

32.5

18.7

7(i.3

66.0

50.6

35.1

18.2

9.1

15.1

20.0
22.0

10.1
15.6

20.7

Note: '`Sensitivity, specificity. false-positive, and false-negative yaks are

given fora rule that "predicts" that a person with a point score in this category

or higher would die within 6 months. For example, if a person was categorized

based on a score of 11 or higher. the sensitivity would be 82.6%.

20 30

0.6

0.5

0.4

0.2

0.2

0.1

0 0

of infection) might be, and the wishes of the resident (20).
The finding that Alzheimer's disease was protective in teams
of the risk for death in 6 months at first seems counter-
intuitive. However, people with dementia are more likely to
enter a nursing home because of problems in behavior,
wandering, and incontinence rather than through loss of
function due to serious medical illness such as cancer or
heart disease. Therefore, on admission or at any given time
during the course of their stay in the nursing home, they
'night 'be less likely to die of an immediately life-threatening
illness. That being said, those persons with advanced
dementia will eventually die of diseases that result from
that chronic neurodegenerative condition-failure to thrive
with resulting malnutrition, falls, fractures, and infections.

Several attempts using the MDS to predict mortality in
nursing home residents have been published in recent years.
Abicht-Swensen and Debner (21) conducted a retrospective
study of 199 residents who had been referred to hospice
from 24 Minnesota nursing homes. The main finding of
their study was the strength of the relationship between
short-term mortality and a decline in functional status in the
areas of cognitive functioning, communication, ADLs,
incontinence, and nutrition. 'Illese findings corroborate with
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ours but, unfommately, their study focused on residents
already referred to hospice and, therefore, already recog-
nized as dying.

Hirdes, Frijters, and Teare (22) created the MDS-CHESS
(Changes in Health, End-stage and Symptoms and Signs)
Scale. Their scale included items from three sections of the
MDS: declining :health status, end-stage disease, and
symptoms and signs of medical problems. Many similarities
are found between this model and ours even though the
population studied was Complex Continuing Care hospital
patients rather than long-term-care residents. The main
limitation noted by Hirdes and colleagues was their inability
to verify death after discharge from. the Complex Continuing
Care hospital.
The linking of the MDS and death certificate data is

a particular strength of our study. Furthermore, the trans-
formation of the logistic regression model to a point system
provides greater clinical utility for decision making. Unlike
Hirdes and colleagues, we decided not to use the end-stage
disease item of the MDS although it has excellent prognostic
value for those who are so designated (8). What our analysis
found was that, despite the validity of the item when it is
used, it was not used reliably in the MDS. It is fair to say
that there are many complex and varied reasons why
a physician or an MDS nurse would not choose to document
that a resident has "six or fewer months to live," even if it
were suspected.

In a study of 1-year survival in mu-sing home residents
(2003), Hacker and Kiely (23) linked MDS data with the
National Death Index to overcome the problems in tracking
deaths, and also used developmental and validation data
sets. The principal difference (other than time) between
Hacker and Kiely's model and ours was the stratification of
long-stay residents and new admissions producing two
models, whereas we incorporated the predictor "recent ad-
mission" into our model.
We chose a 6-month timeframe to calculate risk for

mortality because it has clinically useful application in
identifying residents who may benefit from specialist
palliative care or hospice services. hi our study, We found
that many residents were at high risk of dying in 6 months.
Overall, 23% of the residents died within 6 months of their
first full assessment in 1999-2000. Included in that group
were many residents who were most at risk identifying
those most at risk of death—in other words, making the
diagnosis of dying—is the first step in ensuring that the
goals of care are appropriate and the wishes of the resident
are known, documented, and respected.

Several aspects of our work. support the validity of the
MMRI. First is the use of state death certificate data to
confirm the outcome variable of death and the strong
linkage of these outcomes with the MDS data. Second, the
model development was rigorous with the use of multiple
development data sets and reserved data for validation of the
final model, thus producing a reliable and valid method
of prediction.
One particular limitation of our study is the lack of ethnic

diversity in the sample; specifically, the proponion of
African American and Hispanic elderly persons in Missouri
nursing homes is not as high as in national statistics. Bearing

in mind these strengths and limitations, future research
needs to focus on multi-state studies using the MMRI, the
transferability of the MMRI to non-MDS settings, the
inclusion of predictors not currently found on the MDS (for
example, social. cues), and the impact that prediction makes
on decision making and goal setting in the .nunirtg home.
High quality end-of-life care cannot be achieved if the

diagnosis of dying occurs only hours or days before death.
Therefore, the ability to predict accurately the transition to
the end of life is vital. The particular significance of this
work was that it focused on MDS data that are routinely
collected by nursing homes and are. therefore, already part
of the workload, not an additional imposed expectation. The
heightened awareness of a resident's transition to the end of
their life may in itself create the impetus for a change in
goals of care.
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APPENDIX

Details of Linking Missouri Minimum Data Set (MDS)

Records With Death Certificate Data

Three methods were used to determine whether
residents were alive or dead at 6 months after the first

full assessment in 1999. First, we determined that deaths
recorded in the MDS were accurate, and assigned those
residents as dead. Second, we assigned residents with
continued .MDS assessments as alive. Finally, we linked
the remaining MDS assessments with Missouri death
certificate data for 1999 and 2000. The overwhelming
majority of MDS records and the death certificate data
contain the individual's Social Security Number (SSN),
date of birth, sex, and first and last names. Thus, the SSN
prov.ided the primary link between the two data sets. To
simplify the problem of positively matching long-term
care residents to the death certificates, we excluded
resident records with missing or invalid SSN, missing or
incorrectly coded sex variable, or missing last name. 'Ibis
process resulted in the exclusion of 128 residents from the
analysis. In the 1999 and 200() data, 02% of death
certificates had missing or invalid SSNs. The need to
positively determine the date of death dictated that these
records could not be excluded. Thus, when the death
certificate SSN was missing, matching was based on
name, date of birth, and sex. All potential computer
matches for these cases were finally reviewed "by hand."
From the MDS—death certificate record linkage, each
resident's date of death and, therefore, survival. time from
their first full assessment in 1999 was determined. When
the linkage failed, we deduced that the resident was still.
alive at the close of calendar year• 2000. Thus, we.
determined whether each of these residents survived at
least 6 months beyond the assessment date. An additional
552 long-term-care residents were excluded from the
analysis because the first full assessment of 1999
coincided with their date of death, thus yielding zero
survival times.
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An overview of risk-adjusted charts

O. Grigg and V. Farewell

Medical Research Council Blostatistics Unit, Cambridge, UK

[Received February 2003. Revised October 2003]

Summary. The paper provides an overview of risk-adjusted charts, with examples based on two
data sets: the first consisting of outcomes following cardiac surgery and patient factors contrib-
uting to the Parsonnet score; the second being age—sex-adjusted death-rates per year under
a single general practitioner. Charts presented include the cumulative sum (CUSUM), resetting
sequential probability ratio test, the sets method and Shewhart chart. Comparisons between the
charts are made. Estimation of the process parameter and two-sided charts are also discussed.
The CUSUM is found to be the least efficient, under the average run length (ARL) criterion, of
the resetting sequential probability ratio test class of charts, but the ARL criterion is thought not
to be sensible for comparisons within that class. An empirical comparison of the sets method
and CUSUM, for binary data, shows that the sets method is more efficient when the in-control
ARL is small and more efficient for a slightly larger range of in-control ARLs when the change
in parameter being tested for is larger. The Shewart p-chart is found to be less efficient than the
CUSUM even when the change in parameter being tested for is large.

Keywords Average run length; Cumulative sum; Performance; Resetting sequential
probability ratio test; Risk-adjusted control charts; Sets method; Shewhart

1. Introduction

Quality control originated in the industrial context, where quick detection of problems is essen-
tial for efficiency. Control charts, such as the Shewhart chart and cumulative sum (CUSUM)
chart, are a primary statistical tool of the methodology and have been used to monitor auto-
mated processes since the 1920s. Recently, it has been suggested that such monitoring schemes
could be used to monitor the performance of clinical practitioners, such as surgeons and general
practitioners (DeLeval et al, 1994; Lovegrove et al., 1997, 1999; Poloniecki et al., 1998; Steiner
et al., 2000; Spiegelhalter et al., 2003).

Unlike in industrial processes, where the 'subjects' (raw material) may be relatively homo-
geneous in nature, for medical applications the subjects (patients) will often vary greatly in terms
of base-line risk. If the heterogeneity of the base-line patient risk is not taken into account when
monitoring the surgeon's performance, then the additional variability in outcome due to that
heterogeneity may mask the effect of the underlying performance of the surgeon and cause
the chart either to produce false alarms or not to respond quickly to changes in performance.
Such risk adjustment (adjustment for patient case mix) has been implemented for cumulative
observed-expected (0--E) plots by Lovegrove et al. (1997, 1999) and Poloniecki et al. (1998),
CUSUM charts (Steiner et al., 2000; Spiegelhalter et al., 2003), resetting sequential probability
ratio test (R.SPRT) charts (Spiegelhalter et al., 2003), Shewhart charts (Cook et al, 2003) and
the sets method (Grigg and Farewell, 2004).

Address for correspondence: Olivia Grigg, Medical Research Council Biostatistics Unit, institute of Public
Health, Robinson Way, Cambridge, CB2 2SR, UK.
E-mail: olivia.griggri,mrc-bsu.cantac.uk
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1.1. Example data
Two example data sets are used throughout. The first is based on data from a centre for cardiac
surgery, collected over the period 1992--1998. The data consist of 30-day mortality following
surgery, age, sex, type of operation performed, diabetes status and Parsonnet score calculated
from the first four variables plus others (see Parsonnet et al. (1989)). Monitoring the data by
using risk-adjusted CUSUMs is discussed in detail by Steiner et al. (2000).
Here, the data that relate to patients of just one of the surgeons are discussed. Patient risk

is taken into account by using a logistic regression model relating the probability of surgical
failure to patient factors, i.e. a model is used to predict a patient's risk of dying within 30 days
of their operation, given their characteristics. As in Steiner et al. (2000), a model fitted to the
data from 1992-1993 is used to set up charts to monitor the data (retrospectively) from 1994-
1998. The average failure rate, from the start of 1994, is assumed to be 0.066. The choice of
the model by use of backward elimination resulted in the Parsonnet score being the only factor
included. Since the Parsonnet score is a measure that is based on the other factors, and so is
highly correlated with them, this is unsurprising.
For this example, since the data are binary, the natural parameter on which to base moni-

toring is the odds of failure. An acceptable level of performance is taken to be that reflected by
the logistic regression model. Departures from this performance level are defined, relative to
the model, by a common increase, or decrease, in the odds of death for all patients. Because the
early detection of a problem is crucial in this instance, monitoring patient by patient is illus-
trated, except the Sh.ewhart p-chart which updates every 79 patients (approximately 6 months
of surgery for a typical surgeon, on the basis of the training data).
The second example is based on the number of deaths per year, in the period 1987-1998,

of the patients of a single general practitioner, Harold Shipman. A public inquiry concluded
that Shipman killed at least 215 of his patients over 23 years, a rate of over nine patients a year
(Shipman Inquiry, 2002).

Monitoring charts are based on the assumption that the number of deaths per year is Poisson
distributed. The acceptable level of 'risk' for a specific patient of type t (male or female; aged
under 45, 45-64, 65-74, 75-84 or over 84 years) is taken to be the England and Wales average
rate of deaths per year for that type of patient, as given by Baker (2001). This is multiplied by the
number of patients of type tin Shipman's practice to give an expected count for the assumed Pois-
son distribution. A chart that is unadjusted for risk would assume that the risk for each patient is
equal to a weighted average over all types of patient of the average rates for England and Wales.
It is assumed that the acceptable rates remain the same over the period 1987-1998. In principle,
though, we could forecast the trend in rates and allow the expected rate to change over time.

For example 2, since the data are counts, the natural parameter for monitoring is the rate per
year (or risk). The null rates are taken to be the rates for England and Wales adjusted for the
age-sex distribution of patients under Shipman's care. Departures from this level are defined to
be an increase, or decrease, in the risk of death for all patients. Since the rates are assumed to
be Poisson distributed, they can be combined into a single rate.

2. Departure from the model: observed-expected plot

Risk-adjusted O-E plots were developed by both Polon.iecki et al. (1998) (who named them
cumulative-risk-adjusted mortality charts) and Lovegrove et al. (1997) (who referred to them
as variable-life-adjusted display plots).

Fig. 1 compares an unadjusted O-E plot with a risk-adjusted O-E plot. This chart is based
on example data set 1, where the patients' outcome is a binary indicator Yr of whether patient t
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Fig. 2. 0—E plot of deaths under Harold Shipman (1987-1998), where the expected value is based on the
average for England and Wales:  , all patients;  , females aged 75 years and over

survived 30 days after cardiac surgery. The unadjusted plot assumes that the risk of death for all
patients is the same value p (the risk averaged over the type of patient) and plots the cumulative
sum, over time, of y, p. In contrast, the adjusted O-E plot presents the cumulative sum, over
time, of y, p,, where p, is the estimated risk of death from the logistic regression model.
The plot that is unadjusted for risk suggests that the surgeon is performing much more poorly

than the risk-adjusted version suggests. This is because many of these operations were on high
risk patients. Only by taking this into account can we accurately assess the surgeon's perfor-
mance.

Fig. 2 shows a risk-adjusted O-E plot for the example 2 data over the period 1987-1998. Also
shown is a comparable plot for females aged 75 years and over. Here risk adjustment means a
comparison of the observed rates under Shipman for each category of patient with the corres-
ponding expected rate based on rates for England and Wales. In this plot this corresponds to a
simple adjustment which is made by calculating, for each year, the age and sex adjusted rate for
the patient mix in Harold Shipman's practice and then averaging over the years to give a single
rate .which is used throughout the chart. For the all-patient chart this is 35 deaths per year and
for the females over 75 years chart it is 12 deaths per year. The rapid rise in the death-rate in
the latter years is clear. The increase in the overall death-rate appears to be mainly attributable
to the rise in rate for females who were over 75 years old: in 1989 and 1993, in particular, the
calculated overall excess is wholly due to an excess in deaths of females over 75 years of age.
The cumulative O-E statistic represents an intuitively useful way to represent performance

over time. However, this type of plot is not the most natural from which to determine if and
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when an alarm should be raised. The CUSUM and RSPRT charts, which are similar to the 0--E
plot, are designed with this purpose in mind.

3. Resetting sequential probability ratio test and cumulative sum charts

The RSPRT and CUSUM charts are both derived from the Wald sequential probability ratio
test (SPRT) (Wald, 1945). The SPRT is a sequential test of a hypothesis Ho versus an alternative
H1. The test statistic is the log-likelihood ratio X( in favour of Hi of the cumulative data up to
and including time t. The value of X( can be expressed as

X, = +/-q, t=1,2,3,... (1)

where Xo = 0 and L, is the log-likelihood ratio for the single data point at time t.
The SPRT terminates in favour of hypothesis Ho if the lower boundary a is crossed with

approximate type 1 error rate a and in favour of Hi if the upper boundary b is crossed with
approximate type 11 error rate 0, where

1-<x

1 -i3
b= log

CY

(2)

if the data contain risk information, this can be taken into account in the test through the
likelihood. For example I, the risk model relating 30-day mortality to Parsonnet score V, was
taken to be

logit(pr) = -3.67+ 0.077V,, r= 1, 2, ,m, (3)

where pr is the probability of a patient of type r failing within 30 days of surgery. Consider the
hypotheses to be Ho: pro = p, and Hi : pri = Rp,/{1-1- (R- r =1, 2, .. , na. If the data are
assumed to be Bernoulli distributed, then the log-likelihood ratio for the SPRT would be taken
to be

L,
-

log{P
41(1 - Pri)l-P

p',.0(1 - Pro)1—Y1
(4)

where y, is the outcome for the tth patient.
For example 2, if we let A = l',51.°1 A, be the combined death-rate for all types of patient (where

As is the rate for a patient of type s, s 1, 2, . ,10) and define the hypotheses to be Ho: .\
and Hi: Ai = R,\, then (under the assumption that the data are Poisson distributed), the log-
likelihood ratio for the SPRT would be

L( = log
AY, exp(-Ai )
' exp(- A0) 

}
- 

(5)

3.1. Cumulative sum chart
The CUSUM (strictly, the tabular CUSUM) was developed by Page (1954). As with the Wald
SPRT, the cumulative log-likelihood ratio is plotted, but in this case Ho is viewed as a null
hypothesis. Because the chart's intended purpose is on-going monitoring and not a single sig-
nificance test, acceptance of the null hypothesis makes little sense. The chart is prevented from
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crossing the lower boundary and accepting hypothesis He by replacing the lower absorbing
barrier at a with a holding barrier at 0.
For the CUSUM, the cumulative log-likelihood ratio for data up to and including time t can

be written as

max(0, +1_,,), (6)

where, as for the SPRT, X0 := 0 and Li is the log-likelihood ratio for the single data point at time
t. The chart is said to 'signal' when Xi> h, where h defines an upper boundary for the plot: At
this point, it is expected that monitoring will stop and remedial action will be taken.
The performance of an SPRT is determined by its nominal C;110.1rates a and 8, whereas the

efficiency of a CUSUM chart is quantified in terms of the length of time before an alarm, false
or true, is raised. The average run length (ARL) to detection of an alarm is a convenient and
common criterion that is used to assess a CUSUM's performance. The ARL to detection when
the process is in state H0 is termed the in-control ARL and this is analogous to the type I error
rate of an SPRT. The out-of-control ARL is analogous to the type 11 error rate of an SPRT.
Typically, the in-control ARL is fixed by setting the boundary h and then the out-of-control
.ARL is measured for a chart with that same boundary.

3.2. Resetting sequential probability ratio test chart
A more flexible class of charts, which includes the CUSUM as a special case, is the RSPRT
chart, suggested by Spiegelhalter et al. (2003) and discussed in detail by Grigg et at (2003).
These, like the CUSUM, are also based on the SPRT, but rather than having a lower holding
barrier at 0 have a lower highly elastic (or resetting) barrier at a, i.e., when the lower boundary a
is reached, the chart resets to 0 and monitoring continues. So, where the CUSUM can be viewed
as a sequence of SPRTs with lower boundary at 0 and upper boundary at h, an RSPRT can be
viewed as a sequence of SPRTs with lower boundary at a and upper boundary at b. Hence the
CUSUM is an RSPRT with a =0.

Note that the barriers (a,b) can be defined by parameters (a*, 8*) through equations (2),
replacing a and I3 with a* and /3* respectively. The pair (a*, 8*) are simply parameters and
are chosen for convenience, and, unlike for the non-resetting SPRT, have no relationship to the
type I and 11 error rates a and 8 of the chart. Because the chart resets until the upper boundary
is crossed, the actual type I and 11 error rates for an RSPRT are in fact 1 and 0 respectively.

3.2..1. Optimizing a* and 1.3*, the parameters of the resetting sequential probability ratio test
There is an infinite number of pairs (a*, F3*) (defined by equations (2) where a'A-- 0 and b%=,-.; h)
that give the same in-control ARL as a CUSUM with control limit h, but only a small number
of those (giving boundaries close to (0, h)) have the same out-of-control ARL. Note, however,
that there are RSPRT charts that have a smaller out-of-control ARL than the CUSUM with
the same in-control ARL. Essentially, a small out-of-control ARL can be achieved by having a
relatively low upper boundary b which is smaller in absolute value than the lower boundary a.
This characteristic is achieved when /3* is chosen td be very small compared with a*.

Considering example data 1, Fig. 3 shows, for risk-adjusted RSPRTs that are designed to
detect a doubling of the odds of 30-day mortality, how the out-of-control ARL varies for vari-
ous choices of (a*, /3*) which give the same in-control ARL. The in-control ARL for all pairs
is approximately 6700 patients, which is equivalent to roughly 6 years of surgery. The out-of-
control ARL, given alongside selected points (a*„8*), is seen to decrease with increasing a*
and decreasing /3*,
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Fig. 3. Change in out-of-control ARL for pairs (a*,0*) given an in-control ARL of 6700 patients: RSPRTs
monitoring cardiac surgeons (example 1) (a* and 0* are defining parameters related to a and b via equa-
tions (2) and are not connected to the true error rates a= 1 and 0 = 0 of the charts)

Table 1. Comparison of ARLs and run length standard deviations under
hypotheses Hi (odds = 2) and H2 (odds = 2 after 1900 observations) for pairs
(a*, Os) a (a, b) and in-control ARL 6700 patients (example 1 data)

0* b ARL Standard deviation

H1 112 H1 H2

CUSUM 0 4.5 193 185 120 129
0.013 0.3 —1.19 3.99 189 189 126 136
0.0352 0.0352 —3.31 3.31 174 210 121 145
0.05 0.009 —4.66 2.99 161 217 135 159
0.08 0.00045 —7.62 2.53 140 274 134 197

The problem with having a* set high relative to 04, i.e. having the lower boundary a more
extreme than the upper boundary b is that this makes it possible for substantial 'credit' to be
built up in the chart. Thus, unlike the CUSUM which has a holding barrier at 0, an RSPRT
chart may accumulate credit up to the amount that is needed to cross the lower boundary.

This credit is a problem if the process is not out of control from the start of monitoring, as
it would be if the alternative hypothesis Hi were true, but, rather, it goes out of control after
monitoring has been in place for a period of time. Assume, for example, that in the cardiac
surgery example the odds of 30-day mortality double after 1900 patients (the lower quartile of
the in-control run length distribution). Call this hypothesis H2. Table 1 gives the out-of-control
ARLs after the change in odds under Hi. when the change is immediate, and under H2, for var-
ious pairs (a*, 0* = (a, b)). 'The corresponding standard deviations are also given. The results
were obtained from simulations of 1000 runs. Table 1 shows that the ARL under 112 is greater
for the chart with high a* and low 13* than for that with low a* and high ,84, although under
Hi this is the other way round (as demonstrated by Fig. 3). The increase in standard deviation
under 112, and also (less noticeably) Hi, as a* increases shows that charts with a higher a*
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have more variability in run length than those with a low a*. In view of this, minimization of
the out-of-control ARL is not a sensible optimality criterion when RSPRT charts are used for
routine monitoring.

In general, the criteria by which charts are compared in any given situation should be chosen
with the properties of the process being monitored in mind. For example, the process may be
prone to drift out of control, or to change radically at any stage or may fluctuate. Some criteria
may be completely inappropriate for choosing optimal charts under such changes.

4. The Shewhart chart

The Shewhart chart, which was developed by Walter Shewhart in the 1920s, simply charts the
actual observations (sometimes standardized) of a process. The process is deemed to be out of
control when prespecified probability limits are crossed. Usually 99% limits are set (3o- limits
on a standard Shewhart chart for normal data) so that only large changes in the process will be
detected and the false alarm rate is reduced. Often two-sided control limits are implemented,
but a one-sided limit can also be used.

Since the run length is a discrete waiting time, the run length distribution can be assumed to
be geometric with mean equal to I over the probability that an outcome falls outside the control
limits.
For binary data, it is nonsensical to observe whether single observations in isolation cross

probability limits. To use a Shewhart chart, the data must be grouped and assumed, for example,
to be binomial or normal. Shewhart charts for binomial data are termed p-charts.

For count data, the data can be charted as they are and assumed to be Poisson or negative
binomial distributed, for example.
A risk-adjusted version of the Shewhart p-chart for binomial data has been developed by Cook

et al (2003) to track grouped binary outcomes in intensive care. There, they simply allow the
probability of failure at each group of observations of size n to depend on the case mix and calcu-
late the probability limits for that group under the assumption that the distribution of the number
of failures at each time point t may be adequately modelled as ./V{E7.LI pit, Vi?!..iPa(1 pi,)},
where pi, is the expected probability of failure of the ith patient in a group at time /. Here we make
a stronger assumption and say that it could be modelled as B(ti,,15,) where /5, (l/n,)E7h pit,
as we feel that this may be more accurate for smaller group sizes. Nevertheless, simulations have
shown that this binomial approximation performs similarly to the normal approximation for
the case mix and group size that were examined in the examples here.
To apply a risk-adjusted Shewhart chart in the case of count data, we make the assumption

that the number of failures in a group at time t of size a, follows P(A,) where ,
the sum of the individual rates of failure. This result is exact, as long as the data are Poisson
distributed. .For the binomial case, it is thought that, as long as the distribution of patient
type probabilities is tight and non-skew, the approximation is reasonable, but that where the
distribution is flat or highly skewed the AM, should perhaps be checked by simulation.

4.1. Example
For the example 1 data set, suppose that we wish to conduct a one-sided test for a doubling in
the odds of 30-day mortality, i.e. to test H0: pro = pr versus HI: pr l = Rpr/ {1 (R 1)p,.},r =
I, 2, ... m. Now, the failure .rate averaged over the Parsonnet score (the factor determining case
type), j5, can be calculated from the data set and is taken to be 0.066. For a p-chart with groups
of size 79 we wish to test whether the number of failures within 30 clays under one surgeon
follows B(79, E7.9 1 p.J/79) at the a% level. The size of group was chosen to be 79 to correspond
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Fig. 4. 6-monthly Shewhart charts testing for a doubling in the odds of 30-day mortality following cardiac
surgery (in-control ARL, 84 6-monthly periods): (a) adjusted; (b) unadjusted

roughly to 6 months of surgery for an average surgeon. For the single surgeon considered here,
79 patients correspond more closely to 9 months of surgery.
To achieve an in-control ARL of 6700 (84 sets of 79 patients), a needs to be set at 1/84 . 0.012.

The out-of-control ARL for this chart is 294 (four sets of 79 patients).
Fig. 4 shows a risk-adjusted Shewhart chart for the example 1 data constructed as described.

The limit is not crossed, so the odds of 30-day mortality are deemed not to have changed, For
comparison, the unadjusted chart is given as well. This has the same in- and out-of-control
ARLs as the risk-adjusted chart but has fixed limits calculated under the assumption that the
number of failures every 79 patients follows B(79, p ̂  0.066), where pis the failure rate averaged
over patient type from the training data. The chart signals at the first group of observations.

5. The sets method and time-between-events Shewhart chart

The sets method for monitoring adverse outcomes was introduced by Chen (1978) as a surveil-
lance system for congenital malformations. Gallus et al. (1986) later refined the method. The
method was adapted to allow for risk adjustment by Grigg and Farewell (2004).
The risk-adjusted method is based on the ̀set' X of weighted observations after failure up to

and including the next failure, where the weights are dependent on risk. If X T on n successive
occasions, then an alarm is signalled and the process is deemed to have moved from an initial
state Ha to an out-of-control state HI. When n.1, the method is equivalent to a one-sided
Shewhart-type chart monitoring time between events. The weights that were suggested by Grigg
and Farewell (2004) are pfrj fi, where /3 is the probability of failure averaged over the type of risk
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and Pi. is defined as previously. Using these weights, the weight for an 'average' patient is 1, the
weight that is adopted in the unadjusted method.
In the original method, X --geometric(no) under the null hypothesis, and similarly X

geornetric(rri) under the alternative hypothesis. The distribution of X for the risk-adjusted
method, however, is intractable and probability calculations involving X must be carried out
by using an empirical distribution based on simulations.

Define the event X .".T to be an A-event and a B-event its complement. The probability of an
alarm (under either hypothesis) is therefore given by

Pi(alarm) (A) 05 1: (7)

To set the in-control ARL so, we require that the probability of an alarm under H0 satisfies

a
Pi (alarm) = limi = 0,1 (8)

aDi —n +1 Di

for i =0. For i =1 equation (8) gives the relationship between the probability of a true alarm,
P1(alarm), and the out-of-Control ARL S1. The terms a and aDi + I correspond to the
numbers of actual and possible alarms respectively, and Di = riSi is the number of failures that
are expected over Si patients.
In terms of A-events, Pi(alarm) must also satisfy the relationship

r(A){1— Pi(A)} 
Pi(alarin). i=0,1. (9)

— Pp (A)

This equation recognizes the fact that alarms are considered as disjoint, i.e. an A-event following
n consecutive A-events results in an alarm only if the n 1 previous A-events were not part of
a previous alarm.

Equating expressions (8) and (9) gives

Pr (A)
Di. 1=0,1, (10)

Pr(A){1 Pi(A)}

which can be rearranged to give

Pi (A) = {1 + — Di Pi (A))--11' i=0,1. (11)

Equations (10) and (11) are used to find values for n and T such that D1 is minimal or, equiv-
alently, so that the out-of-control ARL Di /iri is minimal. According to Gallus et al. (1986)
simulation results suggest that D1 does have a unique minimum with respect to n and T. The
values for n and T are found by an iterative procedure that can be terminated as soon as the
value of Di is found to be higher than at the previous iteration.
The iterative procedure is as follows, starting with n = 2.

(a) Calculate the value of Po(A) by applying Newton--Raphson iteration to equation (11),
using as an initial value the solution to equation (11) obtained for n — 1.

(b) Interpolate the value of T from the simulated empirical distribution of X under Ho.
(c) Interpolate the value of 1)(A) from the simulated empirical distribution of X under

H1.
(d) Calculate D1 from equation (10).
(e) If n + I > Do, stop.
(1) Increase n by 1.
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Fig. 5. Grass plot retrospectively monitoring a cardiac surgeon (example 1; n= 10; T = 17.31)

5.1. Example
Suppose that we want to test (for the example 1 data) Ho: pro = Pr versus pri = RPr I {1 +

(R 1)p,. }, r =1, 2, ..., ni. Assuming that the failure rate averaged over the Parsonnet score is
0.066, for a patient of type r we would add the weight pr/0.066 to X.
By simulating the in- and out-of-control distributions of X under hypotheses He and Hi

respectively, and following the algorithm above with an in-control ARL fixed at 6700 patients,
the optimal values for n and T were found to be 10 and 17.31. The corresponding out-of-control
ARL was 324.6. Since the optimal value for n is not equal to 1, the Shewhart time between events
chart is not optimal for this particular data set. Fig. 5 illustrates a sets chart (grass plot), as
proposed by Grigg and Farewell (2004), with values of n and T that are appropriate for the
example I data. The chart simply plots the observation number against the cumulative size of
the current set or blade, The chart is reset to 0 (a new set is begun) after every failure.

6. Comparison of charts for binary data

Chen (1987) suggested that the original sets method performs better than the CUSUM when
the rate of adverse outcomes is low. Gallus et at (1986) and Barbujani and Calzolari (1984)
questioned the results of Chen, but Gallus et al. (1986) argued that their modified sets method
can be more efficient than the CUSUM, but under different circumstances. The examples that
they gave demonstrate that the refined sets method performs better when the change in rates
that it is designed to detect is large, and not necessarily when the initial rate is low.
Here we have compared the sets method with the CUSUM and also the Shewhart p-chart,

using the case mix from example data set 1 as a basis for the comparison. The focus of the
comparison is on two factors: the size of the change in parameter being tested for and the case
mix probabilities. So, the relative efficiencies of the charts under testing for a doubling in odds
of 30-day mortality compared with testing for a fivefold increase were calculated. This was done
for each of three sets of case mix probabilities: the original probabilities (5.0.066); the original
probabilities multiplied by 0.5 (fi. 0.033); the original probabilities multiplied by 1.5
(p- = 0.099).

Fig. 6 shows the ratio of the out-of-control ARL for the sets method to that for the CUSUM
measured for various values of in-control ARL (on a log-scale).
For charts testing for a larger increase in parameter (Fig. 6(b)) it appears that the sets method

is more efficient (for the smallest two of the three sets of case mix probabilities) than the CUSUM
for a slightly larger range of in-control ARL values than when the increase in the parameter
is smaller (Fig. 6(a)). By efficient, it is meant that the out-of-control ARL is smaller for a
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r i r 1
4 5 6 7 8 9 10

log(in control ARL)
(a)

4 5 6 7

log(in control ARC-)

(b)

Fig. 6. Ratio of out-of-control ARL for the sets method to that of the CUSUM for fixed log(in-control ARL)
, A = 1; , A = 0.5;  , A =1.5): (a) charts testing for a doubling in odds; (b) charts testing for

a fivefold increase in odds

fixed in-control ARL. The size of case mix probabilities seems to have a noticeable effect.
The larger the case rnix probabilities, the less efficient the sets method is compared with the
CUSUM. Although the effect can be seen, it does not appear to be large. However, this may be
because the change in average case mix probabilities across the three sets (0.033,0.066,0.099) is
small.

Tables 2 and 3 give the full results, including the Shewhart chart ARLs. Table 2 compares
charts testing for a doubling of the odds of 30-day mortality following cardiac surgery and
Table 3 compares charts testing for a fivefold increase,
From both Tables 2 and 3 we see that the CUSUM chart is uniformly better than the Shewhart

p-chart. For charts testing for a smaller change in odds ratio (Table 2) this is not surprising.
However, for charts testing for a larger change in odds ratio (Table 3), the Shewhart chart might
he expected to be more efficient than the CUSUM. The. result is thought to be because observa-
tions must be grouped for the Shewhart chart. In the case of the larger change in odds (Table 3),
the sets method is uniformly better than the Shewhart p-chart. In the case of the smaller change
in odds (Table 2), for larger in-control run lengths (log(in-control ARL) > 8) and larger case
mix probabilities (,\ =1 and A =1.5), the Shewhart chart is more efficient than the sets method,
especially for A =1.5.
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534 O. Grigg and V Farewell

Table 2. Out-of-control ARLs of the sets method, CUSUM and Shewhart (group size 79) charts for a fixed
in-control ARL: charts testing for a doubling in odds of 30-day mortality following cardiac surgery

A log( in-control
ARL)

Alas for the
following methods.•

A log( in-control
ARL)

fIRLs for the
following methods:

Sets CUSUM Shewhart Sets CUSUM Shewhart

0.5 4.62 314 40.6 158 1.5 3.74 13.8 17.5 79
4.74 34.7 43.9 158 3.88 15.7 19.3 79
4.89 39.3 48.3 158 4.06 18.1 21.7 79
5.38 56.6 66.1 158 4.58 25.8 30.1 158
5.80 76.2 84.4 158 4.96 34.0 37.5 158
6.54 121 124 237 5.69 54.4 54.6 158
7.19 175 165 237 6.33 79.9 72.7 158
7.79 240 208 395 6.92 112 91.4 158
8.36 313 253 395 7.47 151 111 158
8.91 395 297 632 8.01 200 130 158
9.45 488 342 632 8.54 258 149 237
9.97 591 388 1264 9.05 331 169 237

1 4.04 18.3 23.3 79
4.18 20.6 25.6 79
4.34 23.6 28.3 79
4.84 33.8 39.0 158
5.24 45.2 49.0 158
5.97 72.6 71.5 158
6.61 107 95.3 158
7.20 146 120 158
7.76 195 145 237
8.29 254 170 237
8.82 326 196 316
9,34 415 222 316

7. Testing for improvements

When a process is to be monitored long term to detect a deterioration in the process, it is also
important to take note of improvements in the process. If improvements in the process are
ignored, a chart may be less sensitive to subsequent deteriorations in the process.

For the joint monitoring of improvement and deterioration, Page (1954) suggested the use
of a two-sided CUSUM, i.e. the combined use of two one-sided tabular CUSUMs: one to
detect improvement; one to detect deterioration. However, calculation of the ARL was not
demonstrated.
More recently, Khan (1984) investigated the relationship between the run length of two one-

sided CUSUMs, upper and lower, and a single two-sided CUSUM. The approximate formula
derived was

1 1

ART,' ARL+ ARL-
(12)

under certain regularity conditions, where ARV= is the ARL for the two-sided CUSUM, ARL'
is the ARL for the upper one-sided CUSUM and ARL' is the ARL for the lower one-sided
CUSUM. Intuitively, the formula represents an assumption that the two sides of the chart are
independent (the -regularity conditions are, essentially, that the two halves cannot interact). The
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Table 3. Out-of-control ARLs of the sets method, CUSUM and Shewhart (group size 40) charts for a fixed
in-control ARL: charts testing for a fivefold increase in odds of 30-day mortality following cardiac surgery

A log( in-control
A RL)

ARLs for the
following methods:

....

Sets CUSUM Shewhart

A log(in-control
ARL)

ARLs fOr the
following methods:

Sets CUSUM Shewhart

0.5 4.84 11.3 16.5 80 1.5 3.96 6.47 7.95 40
4.87 11.6 16.6 80 3.99 6.62 8.05 40
4.89 11.8 16.8 80 4.03 6.93 8.13 40
4.92 12.5 17.0 80 4.07 7.01 8.28 40
5.08 13.2 18.1 80 4.29 7.66 9.08 40
5.55 18.3 21.8 80 4.86 10.7 11.5 40
6.22 23.2 27.8 80 5.48 14.6 14.2 40
6.72 27.5 32.2 80 5.98 18.2 16.6 40
7.24 35.2 37.2 80 6.53 21.2 19.2 40
7.79 44.1 42.5 80 7.05 24.8 21.8 80

1 4.23 7.62 9.97 40
4.26 7.75 10.1 40
4.29 7.94 10.2 40
4.33 8.31 10.4 40
4.36 8.54 10.5 40
4.56 9.47 11.4 40
5.08 13.1 14.0 40
5.74 17.2 17.7 40
6.22 20.0 20.5 80
6.77 25.8 23.8 80
7.29 30.2 27.0 80

1011 ) 2100 300

patient no

Fig. 7. Two-sided risk-adjusted CUSUM with hu = 5.18, h, = -4.96 and in-control ARL 6700 patients
(example 1 data)

details are not shown here, but a simulation study demonstrated that this formula also applies
to RSPRTs and that it works equally well for CUSUMs and RSPRTs with risk adjustment.

Fig. 7 demonstrates a two-sided risk-adjusted CUSUM for the example 1 data. The upper and
lower boundaries have been chosen to be hu = 5.18 and h1= -4.96 respectively, so that the in-
control AR Ls for each half of the chart are both equal to 13400. This means that the overall ARL
is approximately 13400/2. 6700. The in-control ARIA on each side have been made the same
here to balance out the false alarm rate. However, we might decide to allow for more false positive
than negative alarms, or vice versa, in which case an asymmetric chart should be employed.
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8. Estimation

The primary purpose of a chart is not to estimate a process parameter. Even so, it is often natural
to want to provide some estimate of a parameter after a warning signal.

Consider an unadjusted CUSUM chart for the data of example 2, where the rate of deaths
per year, À. is the parameter of interest. The difficulty, for a frequentist analysis at least, is that
the maximum likelihood estimate (MLE) A is biased. Although the likelihood is not affected by
the stopping rule, the sampling distribution of A is.
An approach to the problem, suggested by Grigg et al. (2003), is to obtain an MLE and then

to implement. Whitehead's (1997) method for adjusting the bias. This approach involves finding
the bias function b(A) for a particular chart and solving

A — b(A) (13)

where 5 Y„//z is the MLE of A at the point of stoppage, n. if the bias function is difficult to
attain explicitly, a simulated approximation can work just as well.
For risk-adjusted charts, it is easier to deal with A when constructing bias curves, where A is

the failure rate (per year) averaged over the type of patient, than to have multiple bias curves,
one for each patient type's rate.
An estimate taken from a chart can be based on all the observations, since the start of moni-

toring. However, it is common, also, to base estimates on only the data that arte observed after
the estimated ̀ changepoine. This is the point at which the process is deemed to have moved
from a null state to an out-of-control state.

For RSPRTs, the time that the chart was last at a, the lower boundary, is the estimate of the
changepoint (extended from the result stated for CUSUMs by Hawkins and Olwell (1997)). For
the sets method it is estimated as being the observation before the start of the last n consecutive
sets.

8.1. Example
Consider, for the example 2 data, a two-sided CUSUM testing the null hypothesis Ho: Ao .35
versus the alternative Hu: Au = L2A0, HI: A1= 0.8A0. Now, Pr {2(42) > 150} N 0. Therefore, con-
straining Y,, the number of deaths per year, to be 150 or fewer should not result in much loss of
information. From Section 3, the log-likelihood ratio weights are

(u) log(1.2) — 7,
Yt E{0,1,2,..., 150} (14)

(/) Yt log(0.8) + 7

where u and / refer to the upper and lower charts respectively.
Fig. 8 shows a two-sided CUSUM consisting of these weights monitoring the observed death-

rates per year over all types of patient under Harold Shipman, 1987-1998. Boundaries have been
arbitrarily placed at h 1, 2, 3, 4, 5 on both sides.
The chart would signal at the end of 1995 if h were chosen to be anywhere in the range [3,8]

because of the extreme increase in rate after 1994. For boundaries at (-3,3), the in-control ARL
is 52 years and the out-of-control ARL 5 years; at (-5,5), they are 403 and 7.5 years respectively.

Applying Whitehead's method of bias adjustment to the MLE of A at the end of 1995, calcu-
lated from all the data, results in an adjusted value of A = 41 from A = 42.33. An approximate
95% confidence interval for A is [37,45).
The MLE since the chart was last at 0 (at the end of 1992) is A = 53.33. Applying White-

head's method gives an adjusted value of A = 52. An approximate 95% confidence interval for
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Flg. 8. CUSUM monitoring death-rates per year under Harold Shipman, 1987-1998

et C>

r,
, --1

o 20 40 60 80

X

I

Fig. 9. Simulated bias curves for a two-sided CUSUM with Ao = 35, Au =1.2,10, al = 0.8A0 and hu = hi = 5
(example 2 data): o, all data; +, data since last at 0

this adjusted estimate is [43,60}. Note that the obtained confidence interval barely overlaps the
interval that is obtained for the estimate using all the data (since 1987).

Fig. 9 illustrates the simulated bias curve for the MLE calculated by using all the data for a
two-sided CUSUM chart with Ao .35, Au .1.2A0, 0.84 and hu . h1= 5. The bias curve
relating to estimates calculated by using only the data since the chart was last at 0 is also given.
The fact that the choice of estimator for A results in such different values is evidently a prob-

lem. If a change in the process occurred in 1992, we would like to estimate the parameter by
using data from that point onwards only. However, if a change had not occurred, or occurred
earlier than 1992, not using the earlier data to form the estimate might result in an estimate with
a large bias. Even if a bias adjustment were made, considerable bias could still remain.
There is an assumption here, also, that a change in process, if it occurs, will be immediate and

sustained. Changes, in practice, however, might be gradual, or intermittent. In this case, other
estimators than the two described might be more appropriate.

9. Conclusion

A variety of risk-adjusted charts have been presented here. Comparisons between. the charts are
based on the empirical case mix distribution from a single data set. However, it is thought that
the results could, with due caution, be generalized to a broader spectrum of data. More work
in this area, on other contrasting data sets, is certainly required for a greater understanding of
how the methods presented compare.
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.For the RSPRT class of charts (which includes the CUSUM as a special case) it is shown
that the optimal chart, under the 'minimum out-of-control ARL for a fixed in-control ARL'
criterion is an RSPRT with low a* and high /3*. It is argued, however, that this criterion is not
sensible for optimizing over this class, because the optimal chart chosen is the chart that can
build up the most credit and therefore is the least sensitive to changes in the process that occur
at any time other than early on in monitoring.
A comparison is also made between the sets method, the CUSUM and the Shewhart p-chart.

For the sets method and CUSUM, the aim was to broaden and clarify comparisons of the two
charts that have been made previously. From the results gathered, it is .recommended that, when
wishing to detect small changes in a low event rate process, the sets method should be used
only if the changes need to be detected extremely quickly regardless of a higher rate of .false
alarms. Otherwise, the CUSUM is perhaps the better tool. The size of the underlying case mix
probabilities has a clear but relatively small effect on the comparative efficiency of the charts in
the example that was studied, Because of the constraints of the data set, though, it is difficult to
say whether this effect might be more significant for larger changes in the case mix probabilities.
The Shewhart chart is included in the comparison, because it is a standard and simple chart.

The chart is found (for these data, at least) to be less efficient than the CUSUM. This is thought
to be because, to monitor binary data, it must necessarily work on groupings of the data. For
charts testing for larger changes in parameters, and for charts with smaller in-control A.RLs
otherwise, it is also found to be less efficient than the sets method.
The importance of implementing charts that can detect improvement as well as deteriora-

tion in a process is highlighted. Taking note of improvement may prompt a re-evaluation of
the standard and, moreover, identify centres or individuals who perform well. If those centres
or individuals have a transferable method of working, a positive feed-back system could be
induced.

With regard to estimating the process parameter from a chart, rather than using the chart
directly, the parameter could be estimated by an on-going smoothing process, such as a straight-
forward exponentially weighted moving average, a Bayesian exponentially Weighted moving
average or possibly by the use of full Bayesian updating. Indeed, if estimation is of central
importance, rather than quality control, using such techniques might be an alternative strategy
to the use of control charts.
Concerning the practical issue of which charts retrospectively would have been. best imple-

mented to monitor the surgical data (example 1), th.e results of the comparison of Section 6
suggest that either the sets method or CUSUM are most efficient for the particular case mix
that was observed: the rate of deaths in the charted data (19941998) is 0.086, corresponding
to A = 1.3. If we had wanted to detect a change in rate quickly or to detect only large changes
in rate, the sets method would probably have been the more suitable method. However, the
CUSUM would perhaps have been. easier to implement.
For the Shipman data, any chart monitoring the rate of deaths among elderly females would

have been useful for an early detection of the problem (Fig. 2, for example, illustrates that there
were over 20 excess deaths (going by the averages for England and Wales) of females over 75 years
per year going back to the end of 1988—the results of the inquiry suggest that about half of
these were probably caused intentionally by. Shipman). However, the prospective identification
by control chart of problems in such subgroups, and indeed problems that are specific to one
general practitioner among many, would prove difficult for two reasons. Firstly, using charts
to monitor several subgroups simultaneously would mean a loss of power for each individual
chart concerned, owing to the multiplicity. Secondly, the run length properties of a large group
of combined charts are as yet unknown.
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INTRoDucTioN: ability to estimate prognosis using administrative data has already been established. Research indicates that residents newly

admitted n.) long-term care are at ahigher risk ofmortality. Studies have also examined mortality within 90 days era year. Focusing on 31 days ftom a55e51-

attentwas important because it appears to be clinically useful for care planning in end-of-life; whereby, greater utility may come Itorn identifying residents

Who are at risk of death within a shorter time frame so that advance care planning can occur.

PURPOSE:: To examine risk of mortality within 31 days of assessment aMong long-term care reaidents using administrative health data.

METIIODS: Administrative data were used to examine risk ofmortality within 31 days of assessmentamong all long-term care residents in Ontario over a

12-rmmth period. Data WCTe provided by the Catreidian Institute for Health In fmmation using the Continuing Care Reporting System (CCRS) DiseHlrge

Abstract Database (DAD), and the National Ambulatory Care Reporting System (NACRS).

RESULTS: A number old iagnoses and health conditions predict death within 31 days. Diagnoses that hold an increased risk of mortality include pulmo-

nary disease, diagm)sis of caneer, and heart disease. Health conditions that lead TO an tit rased likelihood of death include weight loss, dehydration, and

shortness of breath. The presence of a tall within the last 30 days was also related to a higher risk of mortality.

DISCUSSION: Long,term care residents who lose weight, have persistent problems with hydration, ant: suffer from shortnessoftireath are at particular

risk of death. "The presence of advanced iiirecthys also predicts death within 31 days of assessment.
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Introduction

A greater number of residents are dying -in long-term care

homes instead of hospitals' or emergency departments care.'

Approximately 24% of all. deaths occur in long-term care, and

.the numbers of long-term care borne deaths are expected to

rise steadily by 2030.1 This has led to a growing interest in the

development of end-of-life care programs in long-term care

homes.

'The need for long-term care homes to adopt standardized

principles and practices in death and dying has never been

more apparent: and is considered an essential component of

health care in Canada.2 Long-term care residents often have

complex needs: many of them live with non-cancer comor-

bidities, heart disease, or dernentia,3,' making care and end-

of-life complicated.

Estimating prognosis is important for care planning. Porock

et al' examined the ability to estimate mortality within six

months using .the Minimum Data Set °VMS) 2,0 assessment

tool.They found that items strongly associated with death within

six months include (1.) admission to the care home .within three

PALLIATIVE CARE: RESEARCH AND TREATMENT 2015:9 i
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months, (2) unintentional weight :loss over preceding three
months, (3) renal failure, (4) chronic heart failure, (5) poor appe-
tite, (6) being male, (7) dehydration, (3) shormess of breath, (9)
active cancer diagnosis, (10) age, (11) deteriorated cognitive
skills in the past three months:, and (12) rate of physical decline.'
Alternatively, Wallace and Prevost(' found that 22 MDS items
were strongly related to death within six months. These items
indicated extremely lowlevels of functioning, limited activity and
involvement, low fluid intake/dehydration, significant medical
interventions intravenous (IV fluids and suctioning), and prob-
lematic skin ulcers, oral debris, and lung aspirations. Gambassia
et al' examined determinants of death but focused only on
residents suffering from dementia. Predictors of death included
advanced age, being male, limited physical function, conditions
of malnutrition, and a diagnosis of diabetes or cardiovascular dis-
ease. Unfortunately much of this research has been conducted
in the United. States. Very little research has examined death in
long-term care in Canada because high-quality administrative
data have not been available in Canada until recently.

The purpose of this paper is to examine the profile of
long-term care residents who died within 31. days .of assess-
merit. Many deaths occur in long-term care; however, a sig-
nificant number of deaths also take place in. acute care settings
(hospitals and emergency departments). As such, it is also-
inpor rant to exam ine where long-term care residents die. This
is a necessary step in ensuring that appropriate care planning
is taking place and strategies to improve end-of-life care in
long-term care are being developed and/or improved.

Methods
Sample. The study sample included infOrmation on health.

from all long-term care residents in Ontario from April 1, 2011
to March 31, 2012. Infortnation was collected using three
databases: the Continuing Care Reporting System (CCRS),
the Discharge Abstract Database (DAD), and the National
Ambulatory Care Reporting System (NACRS).

The CCRS holds all information on the health and well-
being from all long-term care homes in Ontario. This data-
base gathers information using the MDS, Canadian. version, a
comprehensive standardized assessment tool made up of more
than 400 items essential to care planning. .A full assessment is
required -within 14 days of admission to arty long-term care
facility; annually, and after significant change in resident status.
A shortened version is completed during each of the remaining
three quarters while the resident is in long-term care. There is
growing evidence in the literature of the reliability and validity
of many of the items.'" The domains include psychological,
cognitive, physical, social, and spiritual well.-being." The MDS
2.0 is designed to assess level of cognition (Cognitive Perfor-
mance Scale; CPS),1' activities of daily living (Activities of
Daily Living (A.DL) Hierarchy ScIde),i6 depression (Minimum
Data Set Depression Raring Scale),' 2 and pain (Pain Scale).'3

For the purposes of this study, four additional variables were
created .to examine the relationship of diagnosis with mortality

2 i PAL CARE: RESEARCH AND TREATMENT 2015:9

within 31 days: heart disease, pulmonary disease, psychiatric
illness, and other comorbidities. Higher scores represent higher
levels of comorbidity. The heart disease variable represents the
additive summation of arterial heart disease, congestive heart
failure, hypertension, a cerebrovascular accident, or any other
cardiovascular disease (ranges from 0 to 5). The pulmonary
disease variable is the summation of asthma, emphysema, pneu-
monia, and respiratory infection (ranges from 0 to 4).The variable
to measure psychiatric disease includes the diagnosis of anxiety
disorder, depression, or manic -depression (ranges from 0 to 3).
Other comorbidities include allergies, anemia, arthritis, diabetes,
hypothyroidism, and urinary tract infection (ranges from 0 to 6).

The NACRS database contains admission and discharge
information of patients admitted. to an emergency department
in Ontario. This database includes the date of admission, where
patients are admitted from (home, long-term care, hospital),
and basic information on diagnoses and treatment. It also
records dates of death of patients -who died while receiving care
in an emergency department.

The DAD holds information on hospital admissions and
discharges; it includes-administrative, clinical, and demographic
data. It also includes information derailing where patients were
admitted from and discharged to, including dates of death.

All information on.health (CCRS, NACRS, and DADs)
was -provided by the Canadian institute of Health informa-
tion. All -assessments were de-identified and anonymized; a
unique. identifier was provided so that the CCRS database
could be linked to the DAD and NACRS databases. Ethics
approval was provided by the Lakehea-d University Research
Ethics Board,

Analyses.Data analyses were performed using SPSS v.22.
A series of independent correlations, chi-squares, and tests of
differences between Means were used to examine faCtors asso-
ciated with death within 31 days and place of death (long-term
care vs. hospital care). Relationships were tested with of number
of variables representing health conditions commonly found in
long-term. care. Multivariate analysis examined the relation-
ships between the independent variables and the dependent
variables using survival analysis and logistic regression, respec-
tively. Multivariate models were derived using all statistically
significant variables associated with the dependent variables
found in univariate analyses. All variables were entered into
the model in a single step. .A probability level .of P_ 0.05 was
used to determine whether the independent variables were
statistically significant in the hypothesized model. A variable
that was not significantly associated with the dependent vari-
able was removed at each .step, until no more non-signiticant
variables remained.

Results
The most recent assessments from 96,760 residents were
provided in the time frame of interest (April 1,2011 to March
31, 2012). Assessments from -85,842 residents were available
for examination. The majority of long-term care residents
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were female (69%) married (56%). Analyses showed that
19.4% (n = 18,778) of residents died over the course of the

year, 1.4,668 died in long-term care, and 4,1.10 died while

in hospital or emergency care. Of those _residents who died,
42.2% (n = 7,924) died within one month (31 days) of assess-.
ment, 81.8% (n 6,484) died in long-term care, and 18.2%

(n 1,440) died in hospital care.
Univariate analyses examined factors associated with death

within 31 days. All factors associated with death within 31 days

were entered into a CON regression survival analysis model.
Table 1 summarizes the independent predictors of mortality
from all causes. Residents who were older, male, and experienced.

Table 1. Results of Cox proportional hazards model of death within

31 days of assessment.

RISK FACTOR RELATIVE RISK (95 PERCENT CI)

Demographics

New admission 1.491 (1.371-1.623)

Sex 1.357 (1.290-1,427)

Age at assessment 1.029 (1.027-1.032)
,•

Scales

Activities of daily living' 1.523 (1.488-1.558)

Paine 1.254 (1.222-1.286)

Cognition,' 1.049 (1.033-1.066)

Aggressive behaviour' 0.971 (0.961-0,981)

Diagnoses

Pulmonary disease 1.127 (1.082-1.173)

Diagnosis of cancer 1.123 (1.050-1,201)

Heart disease 1.069 (1.045-1,093)

Psychiatric disease 0,892 (0.857-0.927)

Advanced directives

Do not resuscitate 1,392 (1,289-1.502)

Do not hospitalize 1.316 (1.253-1.383)

Legal guardian 0.901 (0.818-0,991)

Health conditions

End stage disease 5.029 (4.708-5.371)

Insufficient fluids 1.849 (1.746-1.958)

Weight loss 1.749 (1.657-1.846)

Shortness of breath 1.671 (1.573-1.776)

Fever 1,642 (1.515-1.779)

Dehydrated 1.434 (1,308-1.571)

Fell in past 30 days 1.358 (1,282-1.439)

Internal bleeding 1.344 (1.166-1.549)

Experiencing acute episode 1.327 (1.250-1.408)

Vomiting 1.210 (1.105-1.324)

Condition lead to instable 1.157 (1.102-1.215)

Delusions 0.762 (0,678-0.857)

Notes: IADL Hierarchy Scale; 2Pain Scale; 3CPS: Aggressive Behavioral
Scale

greater functional impairment, pain., and cognitive impairment
were more likely to die -within 31 days of assessment. Residents
who suffered from heart disease (arterial heart disease, congestive

heart failure, hypertension, cerebrovascular accident, or any other
cardiovascUlar disease) or pulmonary disease (asthma, emphy-
sema, pneumonia, or respiratory infection) were also more likely
to die within 31. days of assessment. Psychiatric illness (anxiety
disorder, depression, or inanic depression) resulted in. a decreased
likelihood of death.

Advanced directives that include do-not-resuseitate

and do-not-hospitalize orders were associated with a higher
likelihood of death, while the presence of a legal guardian
had an opposite effect. Health conditions that increased the
likelihood :of death include weight loss and. dehydration or
insufficient -fluids. Residents who were assessed by physicians as

having end-stage disease with six months or fewer .to live were
over five timesmore likely to die within 31 days of assessment
than those who were not.

Discussion
There is little information on short-terra survival along- term

care residents in Ontario prior to its mandated collection in

April 1, 2010. Much of the existing published research focus
on reports using data from outside Canada or pare focused on
subpopulations of long-term care (eg, focus on dementia only).

As long-term care is increasingly becoming a place where resi-
dents -choose to die, the need for best practices and guidelines
will also increase. Studies like this one will help guide and
inform these practices.

Demographic variables were first examined. Consis-
tent with the existing research, increased age was associated
with a greater likelihood of death, and being male led to a,
35% increased risk of death. New admission also predicted

death within 31 days of admission; this is consistent with

Porock et al,' with the exception that Porock et al defined
new admission as residents admitted within three months,
whereas this'study defined new admissions as residents admit-
ted within 14 days. Nevertheless, the results are not surpris-
ing given that admission to long-term care may result from a

health care emergency.
Activities of daily living were a strong predictor of death

within 31 days. In fact, of the scales, reduced levels of activi-

ties of daily living were the strongest predictor, where each
level of the ADL Hierarchy Scale leads to a 50% increased
likelihood of death. Activities of daily living often follow a

predictable decline; a closer examination of this decline may
be warranted. Increased pain, as determined by the Pain.
Scale, and cognition, measured by the CPS, also predicted
death, but aggressive behaviors appeared to have a small

but significant protective effect. An examination of place
of death showed that residents who were more functionally

and cognitively unpaired were also more likely to die in the
long-term care facility. Aggressive behavior has a similar but
smaller effect.

PALLIATIVE CARE: RESEARCH AND TREATMENT 2015:9 1 3
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The fact that advanced directives predicted death was
not surprising: residents who had a do-not-resuscitate order
in place were 39% more likely to ciie and residents who had
a do-not-hospitalize order in place were just over 30% more
likely to clie. When examining the place of death, residents
who had completed a do-not-hospitalize order were far less
likely to die in hospital (RR: 0.28., CI: 0.24-0:34). Residents
who had completed a do-not-resuscitate order were also more
likely to die in long-term care. Although death in long-term
care is not always ideal, this suggests that long-term care .staff
are able to follow through with the wishes of residents.

Health conditions in relation to death within 31 days of
assessment and how they relate to the place of death were also
examined. Results show that residents who were assessed to be
in the end-stage disease, or having six months or less to live, were.
five .times as likely to die within 31 days of assessment. They
were also fin• less likely to die in hospital care (RR: 0.22, CI:
0.17-0:28). This indicates not only that staff are. able to identify
residents who are nearing end-of-life but also that they are able
to incorporate this into the care plan to prevent death in hospital.

Both insufficient fluids, which refer to an instance where
the resident did not consume all or almost all liquids provided
during the last three days, and weight loss, which refers to
an instance where the resident lists 1.5 kg or more in the last
seven days, increased the likelihood of death buthad a protec-.
rive effect against hospital admission -(hospital or emergency
department). Other health conditions that increased risk.. of
death include shortness of breath, fever, dehydration, falling,
internal bleeding, vomiting, and experiencing an acute epi-
sode or condition that is unstable.

To the author's knowledge, this is thefirst study to ex-am-
ine risk factors for death in 31 days among long-term care
residents in Canada, although earlier studies have attempted
to examine death in other health care settings- (complex con-
tinuing care) and other locations (United States). One study
by Hirdes et air/ developed the MDS-CHESS (Changes in
Health, End-Stage Disease, and Symptoms and Signs) Scale.
This scale focused on complex continuing care patients but
corroborated many of the findings reported by this study.
One limitation outlined by Hirdes et al. was that death was
not recorded for patients discharged from cnrnplex contitnr-
ing care; only patients who died while in care were included.
This study included all long-term care residents; dates of death
were recorded for not only residents who died in long-term
care but also residents who were discharged to hospital care
or emergency department care. Had hospital discharge data
not been included, nearly 20% of long-term care home deaths
would not be accounted for.

A total of 31 days from the assessment .time frame was
chosen because it appears to he clinically useful for care plan-
ning in end-of-life. R.esidents who are identified as being at risk
of death within the next month can then ensure that their goals
of care and final wishes are heard. This includes advance direc-
fives, where measures can be taken to prevent hospitalization

4 i RE: RESEARCH AND TP,EATMENT 2015;9
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or resuscitation among residents who do not wish to receive
these interventions.

The main limitation of this study was its inability to exam-
ine hospital use or emergency department use as a measure to
predict mortality in long-term care. Further research to exam-
ine this relationship is likely warranted. Accuracy of data may
also be a limitation. Earlier research suggests that functional
status of residents may be overestimated and systematic inac-
curacies may exist."

A strength of this study is its use of the population-based
administrative information on health from Ontario long-term
care facilities, which included mortality data from residents
who died in long-term care and were transferred to emergency
care or admitted to hospital. Given that long-term care is most
often the final place of residence, it is unlikely that many were
transferred back home or to an alternate location.

Conclusion.
The purpose of this paper was to examine the profile of long-
term care residents in Ontario who died within 31 days of
assessment, As stated previously, many deaths occur in long-
term care; however, a significant number of deaths also occur in
hospitals (including emergency departments). This study sug-
gests that it is possible to predict short-term mortality among
long-term care residents, and preparations and advance care
planning for residents who are at risk are able to be finalized.
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SUMMARY

Flexible modelling in survival analysis can be useful both for exploratory and predictive purposes. Feed
forward neural networks were recently considered for flexible non-linear modelling of censored survival data
through the generalization of both discrete and continuous time models. We show that by treating the time
interval as an input variable in a standard feed forward network with logistic activation and entropy error
function. it is possible to estimate smoothed discrete hazards as conditional probabilities of failure. We
considered an easily implementable approach with a .fast selection criteria of the best configurations.
Examples on data sets from two clinical trials are provided. The proposed artificial neural network (ANN)
approach can be applied for the estimation of the functional relationships between covariates and time in
survival data to improve model predictivity .in the presence of complex prognostic relationships. (0 1998
'John Wiley & Sons, Ltd.

1. INTRODUCTION

One of the promising areas of modern statistics is the application of the research on learning
processes for the analysis of complex problems.' Starting from the perceptron,2 the first math-
ematical model of the parallel distributed learning process of neurons, multi-layer perceptron
models. better known as art-Octal neural networks (ANNS) have been the subject of great interest
since the second half of the .1980s, due to the development of the back-propagation algorithm.' In
the statistical framework, modelling the underlying relationships of multivariate data implies
previous definition of th.e correct functional relationship between the variables considered, which
must be expressed by a finite number of parameters. In many applied problems this could be
a hard task due to the lack of prior information on the studied phenomena. In these situations it
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could be appropriate to consider flexible modelling approaches for both exploratory and
predictive purposes. Since ANNs can he regarded as flexible models suitable for non-linear
multivariate problems,' they have been applied to several classification and prediction tasks in
the biomedical field, with the purpose of improving the discriminant power of diagnostic tools, or
the prediction of outcome.5•6 Recent papers have pointed out the extension of standard regres-
sion models for survival. data as neural networks suitable for processing censored outcorn.e time
data. Approaches for grouped time data were proposed by Liestol et aI.7 For continuous time
data Liestol et a1.7 proposed a piecewise constant hazard approach, while .Faraggi and Simon8
extended the linear proportional hazard Cox model with an ANN predictor. Other approach.es
ha.ve been published in the clinical literature, based on the use of standard ANN techniques with
a particular organization of the data to deal with the censoring problem.' One important issue is
the estimation of the conditional probability for the occurrence of a specific event as a function of
time,'" and of putative prognostic factors. Flexible modelling of covariate effects on the shape
of this function, and its direct graphical exploration, may suggest new clinical. and physiological
hypotheses. Otherwise, the results may provide evidence that simpler modelling approaches, such
as those based on proportional hazards and linear covariate effects, can be adopted without
distortion of the true functional relationship.1 2

The aim of the present paper is the proposal of a flexible ANN approach, in a discrete survival
time context, which provides smoothed hazard function estimation and allows for non-linear
covariate effects. Our work starts from the definition of a general approach that can be
implemented with standard ANN modelling tools. Criteria suitable for model selection are
proposed, and, finally, direct graphical interpretation of model results is provided. In practice we
propose an ANN model as a non-linear generalization of logistic regression, suitable for grouped
failure time data. Since the approach is connected with the theory of partial likelihood we will. call
it PLANN from the acronym. The network model is represented in Figure 1; the input layer is
composed of J units (nodes) plus one bias unit, one input node is for time while the others are for
the covariates. The :input. nodes are fully connected with the H nodes of the hidden layer. A single
output node estimates conditional failure probability values from the connections with the
hidden and the bias units.

Section 2 gives the statistical framework for the application of ANN models for handling
general regression problems. In Section 3 we examine the discrete model setting of survival
analysis. Section 4 shows how non-linear generalization of logistic regression such as ANNs can
be applied for modelling conditional probability of failure. In Section 5 we compare our ANN
approach with the previous proposals appearing in the statistical literature. Two examples, with
single and multiple covariate analyses, are reported in Section 6. In the first example, we applied
the PLANN approach to data sets from a two-arm clinical trial conducted by the California
Oncology Group on patients with head and neck. cancer. In this study, radiation therapy alone
(arm A) was compared with radiation plus chemotherapy (arm B). The endpoint of interest was
disease recurrence. Arm A included 51 patients of whom 42 suffered recurrence, while arm
B included 45 patients with 31 events. Efron" obtained smoothed hazard estimates from these
data, separately for the two treatment arms, using a logistic regression approach for grouped
survival times.

In the second example we considered .the data set from the Veteran's Administration (VA) lung
cancer study."' In this trial, male patients with advanced inoperable tumours were randomized to
either standard (69 subjects) or test chemotherapy (68 subjects). The primary endpoint for efficacy
assessment was survival time, only 9 of the 137 were censored. Information on performance status

(t.;. 1998 kiln Wiley & Sons. Ltd. Statist. Med. 17. 1169--1186!19981
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• •

time

cofichtiom ,rIbahl:16

• 0
HIDDEN

• • • • INPUT

covariates

Figure 1. Feed forward neural network model for partial logistic regression (PLANN). The units (nodes) are represented
by circles and the connections between units are represented by dashed lines. The input layer has J units, for time and the
cova ria les, plus one bias Unit (0). The hidden layer has .H units plus the bias unit (0). A single output unit IK = 1) computes
conditional failure probability. ak and aK are the weights for the connections of the bias unit with the hidden and output
units. wy, and whK arc the weights for the connections between input and hidden units and hidden and output units,

respectively

at baseline (Karnofsky rating 7 KPS), disease duration in months, age in years at randomization,
prior therapy (yes, no), and cell type (large, squarnous, small, adeno), was available.

2. :ARTIFICIAL NEURAL NETWORKS AND GENERALIZED .REGRESSION MODELS

The ANN term was introduced in the second half of the .1980s with the discovery of back-
propagation as a method for jointly estimating the parameters of a multi-layer percept ran
Feed forward ANNs, are strictly equivalent to non-linear multivariate regression methods. Their
-topological interconnected structure is represented as a directed graph of nodes without cycles."
They are built (trained) with an initial set of observations (patterns) with the aim of generalizing
the results to patterns not used for the generation of the model. The nodes (neurons) are the basic
units of the .model, organized hierarchically as layers, and linked by input—output relationships.
A general ANN model has an input layer, one Or more intermediate hidden layers, and the output
layer. We will concentrate our attention on three layer networks with only one hidden layer with
h = 1, 2, ..., /I nodes. Let j 2, , J and k = 1,2, ... ,K be the input and output. nodes,
respectively, xu will be the input values and yik the observed :responses (targets) for each subject
i. = I, 2, , n. The model will compute the outputs 9,, to approximate the A. The input layer has
only the role of distributing the inputs to the hidden layer. Each node in -the hidden layer
computes a weighted sum of the inputs with weights win, adds a constant ah (bias), and applies

1998 John Wiley & Sons. Ltd, Statist. Med. 17. 1169 --118611998)
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1172 E. BIGANZOL1 ET A.L.

a function (activation) Oh to obtain its output. The outputs of the hidden layer become the inputs
of the output layer nodes; their outputs are computed in the same way as the hidden layer with
weights whi, and activation 00. The presence of the hidden nodes provides a non-linear depend-
ence of the outputs on the input variables. The mathematical representation of an ANN with
a single hidden layer is given below:

\ \

A(Xe, = (14( + WhkOh (0:h + )) •
h= .t j=1

The graphical representation of (1) for PLANN is in Figure 1.
The activation function Oh used for the hidden nodes is generally the logistic one

Oh(ti) =  
exp(u)

+ exp(u)

while 00 depends on the specific regression problem. The estimates of the weights w, parameters of
the model, are obtained by minimizing an appropriate error function. Several error functions can
be used based on the specific problem; the most frequent is the quadratic error

(1)

K et
)1d2 (2)

k - i

while for binary classification problems the appropriate function is the cross-entropy error' given by

K n
E=—{A log j/k(xi, iv) + (1 — yì'k) log — w1]; (3)

The absolute minimum of the error function (3) occurs when YA = Yik for all the n subjects for the
K outputs, and is expressed by

K n
= — )2, {.11k 1-ogY:?k +(.1 — .11) log 1 — •

Therefore, the use of binary target variables A, necessarily implies that expression (4) vanishes at
its minimum. PartiCular cases of feed forward ANNs with only input and output layers are
therefore equivalent to generalized linear regression models (GLMs) with as link function, and
the appropriate error term defined implicitly from the error function E. Several iterative algo-
rithms can be used to search for the error function minimum, the most widely used is the
back-propagation method (gradient descent). Other techniques are based on quasi-Newton
methods.1' Feed forward ANNs with logistic outputs can be regarded as flexible non-linear
regression models for conditional probability estimation.' Their flexibility must be optimally
tuned to achieve the best trade-off between fitting the training data and approximation of the
underlying true functional dependence with the smallest bias." Several techniques can be applied
to modulate the degree of fitting of a neural network such as the choice of the number /I of hidden •
nodes, the use of regularization techniques, such as the addition of a penalty term to the error
function, or early stopping in the number of iterations of the optimization algorithm. All -these
techniques are directed to the control of the effective complexity of the model which is related to
the number of parameters estimated. The choice of the best network configuration is finally based
on the maximization of its predictive capability. Therefore, model selection is mainly done with
validation techniques.'

(4)

1998 John Wiley 4t. Sons. Ltd. Statist. Med. 17. 1169-1186 (19981
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3. DISCRETE TIME MODELS FOR SURVIVAL DATA

Different strategies can be applied to model censored survival data. For continuous-time survival
data, the hazard function h(t) is defined as:

P(T < t + > t)sh(t) = (5)6,0 At

In the discrete context a set of L times 0 < t,. < t2 < • • • < IL is obtained which. arises from the
finite precision of time determinations. Analogously we can consider the grouping of continuous
survival times into / = 1, 2, L disjoint intervals „4/ = 1, till with to = 0 and /i the last
observation interval for the ith subject, and apply the relationships derived for the discrete
setting." The pertinent functions are the survival function

S(ti) = P(T > (6)

the discrete probability function

= P(T e Al) = S(ti .. .1) — ,S(t1)

and the discrete hazard rate h,, defined as the conditional. failure probability:

) == P(T e > ti

(7)

(8)

The conditional failure probabilities ht, approximate the continuous hazard function h(t) as the
intervals Al become infinitesimal. From (7) and (8) it is easy to verify that, having defined S(to) = :1.

S(t) = I I — h,). (9)

The contribution to the likelihood function of the ith subject will be given by the product of
conditional survival probabilities for the time intervals in which he/she is observed and the
conditional failure probability in the interval -A t; in which the event of interest occurs. Only
the case of right censoring will be considered, so for the set U of uncensored subjects the
contribution is

1,-1
P(T, e AO. -=/;, = h, 1 (1 —

while for the set C of censored subjects it is

(10)

.P(Ti > = S(4) = — h u). (11)
/

If one introduces the censoring indicator d,,, equal to 1. in the interval A t containing the event of
interest for th.e uncensored subjects, and equal to 0, otherwise, the total likelihood is

L==IIH 14' (1 — hu)1 = H n hdim - hu)" (12)

where R, is .the set of individuals at risk in .the /th interval of time. In this way a product of
Bernoulli likelihoods is obtained, one for each individual i in the interval l in which he/she is

cic: 1998 John Wiley & Sons. Ltd. Staid. MM. 17. 1169,-1186 (1998)
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1.174 E. BICiANZOLI ET AL.

observed. If we consider a homogeneous population, (12) can be rewritten in the binomial form

L = [IL (111) /01— 111)"'-'5' (13)
r= 1\st/

where n1 and s1 are the number of subjects at risk and the number of failures in the time interval l,
respectively. The discrete tine model can be fitted by considering the observations in each time
interval as independent across intervals, with the event indicator d11 as response variable with
a Bernoulli distribution (12). Alternatively, the number of events s, in each interval is modelled
with a GLIvi model with binomial error, and •tii as binomial weights (13). Though approximate,
the assumption of independence of the contribution to the likelihood for each individual across
time intervals leads to reasonable results." For covariates, Cox" proposed the proportional
odds model for grouped survival times as follows:

hi(xi) hi(0) .
exp(fi xi) (14)

where xi is the covariate vector for subject i, # is the vector of regression coefficients and h./(0) is
the baseline hazard rate for individuals with .x = O. Defining 01 = logrA ...1,10d, expression (.14) is
written as

exp(01 + rxi)it (x=) = (15)
' 1 + exp(Ot + r

Thus the discrete hazard rates are modelled by a logistic regression model having a predictor
which is a linear combination of covaria.te values xi, with coefficients P, a.nd the values 0,. This
approach allows for the joint modelling of covariates and time interval effects by considering the
interval 1 as a block factor in a CiLM model, to obtain /1 estimates adjusted for the baseline
log-odds." In this case attention is focused on /1 rather than 0, estimates, since this approach does
not necessarily provide an interpretable shape for the discrete hazard function. A smoothed
estimated of the discrete hazard function can be obtained by applying a vector of transforms a/ for
each mid-point al of the time interval A, as covariates vector. Several kinds of transformation can
be considered, for example polynomials, or more flexible approaches. Efron" has specifically
considered smoothing cubic splines in a partial logistic regression model as defined in connection
with the -theory of partial likelihood.' A crucial point for this approach is the choice of the
number and location of the spline knots. Although the location of the knots could be estimated as
adjunctive parameters, this approach could be very cumbersome and is rarely applied. A deriva-
tion based on logistic regression with polynomial smoothing of the hazards was introduced by
Maul' for the joint modelling of covariate values and time interval effects. An approach 'based
on dynamic modelling and penalized likelihood estimation was adopted in the same framework
by Fahrmeir.'

4. PARTIAL LOGISTIC REGRESSION MODELS WITH ANN (PLANN)

In this section we propose the application of an ANN as an alternative approach to those
described in the previous paragraph, for smoothed hazard rate estimates. This is achieved by
flexible modelling of the joint dependence of hazards from time al and the covariate vector xi. Our
work began with the GLM approach for modelling censored survival data for the discrete or

1998 John Wiley & Sons. Ltd. Staiist. Med. 17, 1169-1186 119981
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grouped situation.13.18 We can take the negative logarithm of the likelihood (12) obtaining

n

E — {dulog a,) + (1 — du) log[1. 4111 (16)
t-ir-c

is equivalent to the cross-entropy error function (3). Total error (16) is summed both over the
n subjects and over time intervals / = 2, , in which the subject i is observed. It is easily
shown that this can be calculated on a derived data set in which the vectors x, for each subject are
replicated for all the intervals in which the subject is observed, and coupled with the event
indicator d,, defined above. By using the error function (16) in a neural network model with no
hidden nodes and logistic activation function 00, a linear logistic regression model equivalent to
(15) is obtained. Here the target variable is represented by the event indicator d,,. We propose the
generalization of the partial logistic regression model to a feed .forward ANN (PLANN) by the
addition of a hidden layer of neurons. The PLANN model has one input node/ assigned to each
explanatory variable xi and an additional input for the time interval al (Figure 1); the logistic

function is used as activation for 'both. the hidden nodes and the single output node. The output
values .91(x,, a,, w) will provide smoothed estimates of the discrete hazard rates I i(xi, al). The
PLANN model is not constrained to proportional odds assumptions since interaction of time and
covariate effects will be modelled implicitly. The plot of the output of the PLANN model can be
used to explore the shape of the hazard function depending on time and covariates. The PLANN
model can be implemented by using data sets with subject vectors replicated for the time intervals
as described above, and by using (16) as error function. An advantage of this kind of data
structure is the possibility of straightforward use of time-dependent covariates since each subject
is represented, for each observation interval, by one input vector which can change across
intervals. 11 all the explanatory variables are categorical, the subjects can be grouped in the design
cells ,n = 1, 2, ... M on the basis of covariate values, each with n„, subjects and sn, events; thus it is
possible to model the empirical estimates 71„, of discrete hazard rates obtained by

(17)

which become the target values of the network. In this case the minimum of the error, which is
expressed by (4) need not vanish, and its value depends on the particular data set; for this reason
a suitable error function is obtained by subtracting expression (4) from (16) to obtain

[

n 
i(x,, al) , 1 — a,)

E — „,log + — )10 g  11 (18)
rtzr nin 1 —71„,

that is the Kullback-Leibler distance which always has its minimum at 0 irrespective of the type
of data used.' This distance function has general application in the classification framework; it
provides values which are equivalent to half the deviance of the logistic regression model for
grouped and non-grouped cell data. In our applications we used (18) with /1,„ as target for grouped
cell data and d for non-grouped cell data. Survival function estimates for the time intervals are
calculated according to equation (9). The model can be easily implemented using software
packages for ANNs based on back-propagation, or by using high-level programming languages
containing specific routines for function optimization. We performed model optimization with
variable-metric quasi-Newton algorithms, since this approach is generally more efficient than
gradient descent techniques like back-propagation." in particular, we applied the nnet S-plus

© 1998 John Wiley & Sons. Ltd. Statist. Med.17, 1169,-118611998)
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function provided by Venable and Ripley." As explained in Section 2, network architectures with
different degrees of complexity can be obtained by: (a) choice of the number of hidden nodes; (b)
introduction of a penalty term in the loss function. For the latter, we adopted a commonly used
approach in ANNs, called weight decay: it penalizes large weight values, by modifying the loss
function as

E* E /1w2.

Arguments based on Ba.yesian considerations' suggest.: 0.01-0'1 depending on the degree of
fit expected. The use of penalty has the advantage of both improving the convergence of
optimization algorithms, and of avoiding overfitting. When weight decay is used, it is common
practice to rescale covariates by multiplying them with appropriate factors so as to approxi-
mately span from 0 to 1, so as to be comparable with hidden unit outputs. Several criteria can be
applied for the selection of the best model. In consideration of the computational drawbacks of
cross-validation techniques, we adopted the NIC criterion suggested by AM ari' and discussed in
detail for its statistical applications by Ripley.' NIC is a. generalization of Akaike's AIC criterion

NIC = deviance + 2/.7*

where p* is the effective number of parameters estimated. In our specific case this formula can be
directly rewritten for the Kullback-Liebler distance Elm as

NIC = 2Eia + 2p*.

When weight decay is used it has the effect of reducing p* with respect to the number of
connections of the chosen network model; so i exerts an effective control on p*. The formula for
the calculation of p*, reported by Anyari,24 is

p* = trace(GQ.') (19)

where Q is the expected Hessia.n matrix of the log-likelihood, and G is the expected value of the
outer product of the score functions, evaluated at the fitted values of the model parameters w.
Stone' proved that NIC is equivalent to leave one out cross-validation for large samples, it being
computationally more advantageous. For the above reason, models with low NIC values have
the best trade-off -between the likelihood and the actual number of parameters estimated.
A possible problem using this approach is that the NIC theory relies on a single minimum for the
model loss function, and can be unreliable in the case of several local minima. Since the latter is
common in non-linear models such as ANNs, we will consider NIC, in this context, as a criterion
for exploring the performance of a large number of model configurations. On the other hand,
general cross-validation techniques can also be cumbersome in the presence of multiple local
minima of the loss-function.

5. PLANN AND PREVIOUSLY PROPOSED ANN APPROACHES FOR. GROUPED
SURVIVAL DATA

The PLANN approach is based on the discrete time context like the one proposed by Liestol
et al.' Different from PLANN, the neural network model in their proposal has multiple outputs
with one output node k for each interval of time 1, for a total of L output nodes. The particular
case of the proportional odds/hazards setting can be achieved by constraining all the weights of
the connections out of each hidden node to have the same weights. A single layer network with

(P 1998 John Wiley & Sons. Ltd. :0caist. Med. 17. 1169-1186 (1998)
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these constraints on the input nodes is equivalent to the linear model of (.14). Data for the ith
individual consists of a. vector of xi inputs and a target vector di = , dd. This situation
implies that the network has a randomly varying number of target elements according to the time
intervals 1 where an individual is at risk. Although this approach can be implemented by using
a slight computational modification for the loss function (3), this cannot easily be done with
standard ANN software. In the PLANN approach only one output node is used for the network;
the loss function (18) which has general use is straight forwardly applied here, provided that vector
xi is replicated for all the intervals in which the ith subject is at risk, as previously described.
Non-linear and non-proportional covariate effects are modelled with the approach .by Liestol
et al., but smoothed estimates of the hazard function are not directly obtained from the network.
Instead PLANN is proposed for the flexible modelling of the hazard function. In their paper
Liestol et al. provided examples based on the subdivision of the time axis into four or five disjoint
intervals: the effect of the covariates on the conditional event probability is, therefore, studied
over large time intervals. Model validation is obtained by a v-jbld cross-validation27 procedure,
with the subdivision of the original data set into five equally sized subsets used for testing five
distinct models generated on the remaining part of the data; the total error of prediction is
calculated as the sum of the log-likelihood of the test sets. The use of the NIC criterion in the
PLANN approach allows for faster exploration of the results obtained .from different. network
configurations. Ravdin and Clark.' adopted an ANN with one output node, and the input
covariate vector of each subject. who presented the event is replicated for all the L time intervals,
while censored subjects are replicated only for the observation intervals. The time interval index is
included as an additional covariate. If a patient has been censored the target value is set to 0 for
all the observation intervals. For a patient who developed the event, the target .value is set to 0 for
the interval before the occurrence of the event, and to 1 at the interval of the event occurrence and
all subsequent. intervals. Ravdin and Clark. also proposed a correction for the bia.s introduced by
the presence of data vectors of the uncensored subjects in the intervals after the occurrence of the
event.; randomly selected vectors of the uncensored subjects must be deleted so as to match the
ratio between censored and uncensored patients estimated with .the Kaplan—Meier method. It is
.not clear what type of error function was applied for the training of the network., but the authors
stated that after training, the output of the network referred to as a prognostic index, is roughly
proportional to the unconditional event probability estimated with .the Kaplan—Meier method.
PLANN is directed to tnodel conditional event probabilities; when data are organized as we
proposed in this paper, the subsequent estimation of survival probability is straightforward from
relationship (9).

6. APPLICATION OF THE PLANN MODEL

6.1. Head and neck cancer trial

In the paper from Efron" the hazard estimates were based on the following cubic-linear spline
al = (1,04,(al — (al —.11)'.1) where (ti — = min t(ti — 1.1),0}. A dynamic logit model
with linear predictor 01 + rx, together with a random walk model for 01 a.nd it was adopted
by Fahrmeir.' in our analysis, discretization of one-month intervals was applied for both
arms of the study. Since only one explanatory binary variable for treatment was used, the data
could be grouped into cells. We applied the PLANN model to obtain smoothed hazard estimates
while jointly modelling the dependence of the discrete hazards from time and treatment. The

1998 John Wiley & Sons. Ltd, Statist. Med. 17, 1169-1186 (1998)
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Table I. Search for the best model for the head and neck trial data: values of NEC

Number of hidden nodes W.)
0.025

Penalty factor (2)
0.05 0075

2 99.31 100.92 138.46 104.56
3 100'61. 99.96 1.02.36 1.03.64
4 99.88 103.04 102.27 102.04
5 100.91 10040 99.73 103.97
6 98.50 102.56 99.36 100.11
7 98.69 99.40 99.63 99.78
8 98.93 100'46 99'38 9947
9 98.85 99.63 98.71 99.74

1.0 98.37 102.67 98.71 105.88
11 98.94 99.69 98.09 10041.
12 99.36 98.51 97.81 9905
13 99.07 98.82 98.19 98.63
14 99.07 98.84 97.83 98.94
1.5 99.52 99.56 9844 99•51

optimization process was repeated using multiple random starting points so as to verify the
stability of model results in the presence of several local minima of the error surface. To select. the
network architecture we adopted a strategy suggested by Ripley,28 namely, several neural
network. configurations were tested by modifying the number of hidden nodes and the value of the
penally factor, in a factorial array. We. explored configurations of the number of hidden nodes
ranging from 2 to FS, while for the penalty factor we tested four values: 0.025: 0.05; 0.075, and
0.1. Different seed values were used for the optimization of the same network configurations
leading to substantially overlapping results. Model selection implies the choice of the appropriate
complexity of the PLANN model to obtain the correct fit of the underlying true hazard function,
thus preventing either .underfitting or overfitting. Table I reports the results, in terms of NIC, of
the search for the optimal PLANN model; although NIC values are rather irregular across the
rows and columns of the table, it appears that an increasing number of hidden nodes will require
increasing penalty factors to obtain lower NIC values. The configuration with the lowest. NIC
value has 12 hidden nodes and a penalty = 0.075. One possible concern is the choice of a model
with a high number of parameters to be estimated, but we found that the number of free
parameters effectively estimated in the presence of the penalty term is around 6. In general the
number of free parameters needed will depend upon the effective degree of complexity of the
shape of the conditional hazard function. The spline approach considers the use of four linear
coefficients for each arm of the study (excluding the position of the spline knot), therefore, in this
case the ANN model does not seem to be overparameterized. It is noteworthy that the models
with the lower NIC values provide almost equal graphical representations of the hazard function.
This finding has already been discussed by Ripley for different data..28 Figure 2(a) displays the
results of this PLANN model; the continuous lines join the output values yi of the neural network
model. The estimates obtained with the cubic-linear spline proposed by Efron" are displayed in
the same figure as dashed lines. The PLANN approach ha.s generated smoothed hazard estima-
tions by the joint modelling of the dependence of conditional failure probabilities from the time
interval and the treatment covariate. The patterns for smoothed hazards obtained with the ANN
model are quite similar to those obtained by Ffron with the spline approach. Figure 2(b) shows

ti;! 1998 John Wiley & Sons. Ltd. Statist, Med. l7. 1159 18511998)
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Figure 2. 'Head and neck cancer trial: (a) estimates of conditional failure probability obtained with the best PLANN
confiati ration (H = 12, ;1 = 0075. solid line) and the cubic-linear spline proposed by Efron' (dashed line); (b) correspond-

ing survival function and Kaplan—Meier estimates

the corresponding survival function calculated from equation (11), together with the Ka-
plan--Meier estimates. With the same number of nodes, but lowering the penalty from A = 0075

to A = 0.025, we obtained a lower degree of smoothing and a tendency to overlit the empirical
data as shown in Figures 3(a) and (b). The plot. of the hazard function in Figure 3(a) shows
a similar pattern of peaks as the corresponding one obtained by Fahrmeir' using dynamic
discrete time models.

6.2. Veteran Administration lung cancer trial

To apply the PLANN approach, we discretize.d the survival times into weeks. The model was
built on all the available explanatory covaria.tes. Single indicator variables were used to distin-
guish treatment and prior therapy groups, three indicator variables were used for the cell type. An
analysis of these data with parametric regression models and the Cox model by KalbfIiesch and
Prentice," showed a strong prognostic effect of K PS and of cell type, while there was no apparent
dependence of survival time on age or disease duration, or the two treatments. A procedure for
testing the adequacy of parametric models for these data provided evidence against both Weibull
and log-normal models. Further, the shape of the failure time distribution was found to depend

1998 John Wiley & Sons. Ltd. Statist. Med. O. 1169 -1186 (1998)
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1180 E. BIGANZOLI ET AL.

Table ff. Search for the best model for the VA lung cancer data: values of MC

Number of hidden nodes (H) Penalty factor (A)
0.025 0.05 (1.075 01

3 950.2 970.0 957.9 960.6
4 970.9 968.3 954.1 958.3
5 935.1 946.9 950.7 969.1
8 961.8 951.6 978.6 973.6
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Figure 3. Head and neck cancer trial: (a) estimates of conditional failure probability obtained with a suboptimal PLANN
model — 12, ) 0.02.5. solid line) and the cubic-linear spline proposed by Efronl 3 (dashed lines); (b) corresponding

survival function and Kaplan-Meier estimates.

on whether or not the patient had received prior therapy. For these reasons the task of modelling
the underlying hazard function is certainly not easy. As in the first example we tested several
network configurations with different numbers of hidden nodes and penalty coefficients in
a factorial array: compared with the previous example, the analysis was conducted on a smaller
number of combinations because of .the higher computing times -required. Table II shows the
results from a series of distinct network configurations. The best performing PLANN model has
five hidden nodes and A= 0.025 with an effective number of 42 free parameters estimated. For
this model, we plotted the effects of performance status (Figure 4(a)) and age (Figure 4(b)) on the

1998 John Wiley & Sons, Ltd. Statist. !Wed. 17.1169 -1185 (1998)
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Figure 4. VA lung cancer trial: (a) PLANN estimates of conditional failure probability for the selected model, in
dependence of time and KPS for the design cell without prior treatment, test. therapy, small cell type — other continuous

covariates are set to their median values; (b) effect of age in the same design cell

shape of the hazard function, fixing the values of the remaining variables at .their medians for
continuous covariates, and to no prior therapy, test treatment and small cell type for the
categorical ones. The resulting three-dimensional plot shows that the effect of performance status
on the shape of the conditional hazard estimates are both on the height of the peak. value and its
time location; this can be better examined with a contour plot. The effect of patient age seems
small in this situation with the hazard peak values very slowly decreasing for older ages. The
temporal shift observed for performance status is totally absent for age. The shift observed for
performance status for this design cell seems concordant: with the exploratory analysis carried out
by Bennett.' In this paper smoothed empirical estimates of the hazard function were plotted for
patients without prior treatment, classified by performance status as high (score over 50) or low
(score 50 or below); a non-monotonic hazard shape was observed with a maximum occurring at
nearly 20 days for the low KPS group while the high KPS group has a lower ma.ximum shifted to
120 days. We did not. observe the same shift in .maximum hazard values for patients with prior
therapy, in accordance with the findings of K.albtleisch and Prentice,I4 of different failure time
distributions depending on whether or not the patient had received prior therapy. Finally,
Figure 5 shows how it is possible to explore graphically non-linear relationships and interaction

99$ John Wiley & Sons. Ltd. Steals!. Med. 17. 1169-1186 (1998)
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effects between explanatory variables with the PLANN approach. This figure reports net values,
calculated by the output node before the application of the logistic activation, as a function of
performance status and age. In the comparison with linear models they are the neural network
equivalent of the linear predictor rxi of logistic regression before the application of the logistic
transform, but for the PLANN model the predictor is given by the function

Jf (a1 
+ WilkOh cch + winxiJ

h-1 —1

In the absence of interaction between time and covariates it is possible to partition this function
into the sum of two terms g (at) + (xi). Thus, in the proportional effects situation, and by
fixing .the time interval at, the predictor will be given by f (xi) + 1 where I is a constant. For
these reasons the plots of PIO at different intervals must exhibit a parallel shift in a propor-
tionality situation. To verify this last point, we calculated these plots for the chosen model
predictor at 5 (Figure 5(a)) and 15 weeks (Figure 5(b)). Although the effect of performance status
is maintained, there seems to be a change in its shape depending on time, thus suggesting
the presence of non-proportional effects. With these plots the very low effect of age on

1998 John Wiley & Sons. Ltd. Sleilist. died, 17, 1159 -118511998'1
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the hazards, and the slight non-linear effect of performance status, can be better appreciated
for this cell design. Further, there seems to be no relevant interaction effect between the two
variahles considered.

7. DISCUSSION

Feed forward artificial neural networks represent a particular class of non-linear regression
models so, in :the statistical framework, they are mainly used for conditional probability estima-
tion in pattern recognition." These kinds of models can also be viewed as non-linear generaliz-
ations of GLMs because of the strict equivalence of the concept of link function for a GLM with
the activation function in the output nodes for ANN, and the equivalence of the concept of loss
function with the error terms of a GLM model. The modelling of censored survival times can be
based on the estimation of the hazard, or the conditional. probability of the event of interest.
Previous proposals in the GLM framework jointly considered covariates and the time interval as
block factors," applied a flexible polynomial or spline smoothing„" or dynamic modelling and
penalized likelihood estimation approaches.' The first approach allows for straightforwardly
modelling linear interaction effects between covariates and/or between covariates and time, but it
hardly provides interpretable shapes for the hazard function, and of the functional relationships
between covariates and hazard. The second approach allows for smoothed modelling of both
these functions but: its correctness may be conditioned by the appropriate choice of the poly-
nomial degree, locations of knots and constraints. This last point may be rather cumbersome in
a multivariate context. The dynamic modelling approach is specifically directed towards the joint
estimation of the shape of the hazard function and covaria.te effects, but it seems rather difficult to
.implement with standard algorithms. ANNs can he better suited for multivariate modelling of
complex :relationships between variables.' ANN approaches were proposed for modelling cen-
sored survival data as a generalization of the Cox model for both continuous and• discrete
(grouped) time data:7'8 Our proposal starts from the linear approach for grouped survival times
which introduces the time interval as a covariate in a GLM model. The PLANN approach allows
.for the joint modelling of time, and the continuous and categorical explanatory variahles in
a multi-layer perceptron model without proportionality- constraints. As described above, the
PLANN approach also allows for the straightforward modelling of time dependent explanatory
variables. For each subject, output is the estimated conditional probability of the occurrence of
an event as a function of the time interval and of covariate patterns. Flexible modelling can be
applied both for predictive aims or as a powerful exploratory tool. Although common drawbacks
in flexible modelling like ANNs are lacking in the direct interpretability of model coefficients and
non-appropriateness of the standard statistical test, .from an exploratory viewpoint ANN
approaches can be very helpful for the improvement of modelling strategies. PLANN model
outputs can be plotted to check whether :model assumptions, such as proportional hazards
and/or linear covariate effects, are tenable and to verify their impact on model predictive ability.
On the contrary, potential disadvantages of PLANN are those of flexible modelling approaches:
overfitting of the data used for the generation of the model itself, long computational times;
presence of sub-optimal minima in the error function. A point that must be remarked upon
regards optimal model selection when error penalty is applied during :the optimization phase.
NIC is specifically developed for this application but assumes the existence of a strong single local
minimum. It is not. easy to assess this condition when algorithms for local search are used.
A possible approach is the repetition of the optimization process using multiple starting points to

1998 John Wiley & Sons, Ltd. Siotist. Med. 17. 1169-1186 (1998)
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track the minima of the error surface. By adopting this approach we verified that for the same
number of hidden nodes and penalty terms, relatively stable values of p* are obtained in the two
examples. This could be an indirect indication of the usefulness of NIC, its values being mainly
dependent on the model configuration, rather than on the specific local minimum. Nevertheless,
we arc aware that this approach can be used for initial exploratory purposes, while for predictive
modelling a final validation procedure is needed.
In the first example the shape of the smoothed hazard function obtained by PLANN, jointly

modelling time and treatment effects, largely overlapped the estimate provided by Efron." It is
also noteworthy to consider the model with higher complexity which, from NIC criterion, could
be overfitted; it can provide information regarding the shape of a more complex underlying
hazard function. In fact, the possibility of exploring more complex shapes with low bias could be
very .important from a biological point of view. By using the spline approach it is not so easy to
obtain the same information without bias because or the need to specify a .functional form which
is less general than the ANN predictor. In Efron's example, the appropriate choice of degree of
spline, of location, and number of knots is hardly feasible on the basis of the empirical hazards
estimates only. In the second example the possibility of using PLANN in a multivariate context is
shown, obtaining the estimates of the hazard function for different cova.riate combinations. The
plots of network estimates showed different shapes of the hazard function for selected combina-
tions of covariates, suggesting that a proportional hazards assumption was not tenable. This was
also pointed out by other authors.14•29 The functional relationships modelled by .PLANN
between logarithm of hazards and continuous covariates seem to agree with those adopted by
Kalbfliesch and Prentice. Further work on simulated data sets will provide deeper knowledge of
the statistical properties of the PLANN approach in comparison with traditional modelling
strategies, so as to investigate the possibl.e advantages in tertns of predictive ability. Nevertheless,
we think that our proposal shows how flexible modelling based on ANNs could be applied in
survival analysis for exploratory purposes.

Recent- papers pointed out a putative competition, existing between traditional linear models
and their neural network extensions.31-32 From our experience, and the above results, we think
that a correct approach is the integration of traditional linear techniques with flexible ones, for
optimal modelling of complex multivariate phenomena. If a statistician is faced with a problem
that can be suitably modelled with linear approaches it would be disadvantageous to apply
complex non-linear models. Nevertheless, in the presence of complex problems, flexible non-
linear methods such as neural networks may provide additional advantages with respect. to linear
approaches.
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ABSTRACT

Background/Purpose: Functional itnpairment is known to be associated with higher mortality risk and
adverse health outcomes. However, little is known about whether functional decline could predict
mortality among the elderly in the long-term care setting.
Methods: This is a prospective cohort study in two veteran homes in northern Taiwan with active use of
the minimum data set (MDS). Evaluation tools retrieved from the MDS, including MDS Resource Utili-
zation Group-111 for Activities of Daily Living (RUG-111ADL), MDS Cognitive Scale, MDS Social engagement,
triggers for resident assessment protocol (RAP) and Pain scale, were utilized for the analysis.
Results: A total.of 1125 male participants were included in this study. The mean age of the participants was
83,1 5.1 years, and 65 (5,8%) developed physical lunctional decline within a 6-month period, Participants
with functional decline fodds ratio (OR) 2.305, 95% confidence interval (CI) 1.002-5.3031, poor baseline
functional status (OR 1.11(i, 95% a 1.002-1242), positive RAP triggers for dehydration (OR 13.857, 95%
CI 3.07-62.543), and underlying chronic lung diseases (OR 2.279, 95% CI 1.149-4.522), depression (OR 2.994,
95% Cl 1161-7.721), and cancer (OR 323, 95% Cl 1.078-9.682) were more likely to have an additional 12-
month mortality. By contrast, Parkinsonism (OR 3.875, 95% CI 1.169-12.841), increase in sum of RAP trig-
gers (OR 6.096, 95% CI 2341-13.562), and positive RAP triggers for cognitive loss (OR 3.164, 95% CI 1.612
—6.212)and mootl(OR 2.894, 95% CI 1.466-5.71) are strong predictors for functional decline within 6 months.
Conclusion: Physical function decline within 6 months predicted the subsequent 1-year mortality,
whereas increased sum of RAP triggers and positive trigger for cognitive loss and mood were associated
with functional decline,
Copyright tt.i"! 2013, Asia Pacific League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan

LLC. Open. access under CC BY-NC-ND license 

1. Introduction

Functional deficit, or physical dependence, is a major determi-
nant for short-term mortality and institutionalization among older
people because of the increased care need and care complexity.' 3
Moreover, it is also an important factor for poor quality of life, poor
social engagement, and higher healthcare service utilization) 3
Longitudinal studies have shown that a rapid decline in physical
function is positively correlated with higher risk of mortality,4•**•/
whereas limitations in basic activities of daily living (ADLs) and
instrumental ADLS were significantly associated with quality of life

Corresponding authors. Center .for Geriatrics and Gerontology, Taipei Veterans
General Hospital, Number 201, Section 2nd, Shih4"ai Road, Taipei 11217, Taiwan.
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2210-8335 Copyright co 2013. Asia Pacific League of Clinical Gerontology & Geriatrics.
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and clinical outcome among residents of long-term care facilities
(LTCFs).'s9̀ Several factors may result in functional limitation, such
as aging; being male, malnutrition, comorbidities of cancer, dia-
betes mellitus, coronary artery disease, cerebrovascular disease,
chronic lung disease, and low body mass index (BM1),I11 b A
number risk factors for a deterioration of ADL performance among
nursing home residents were described using minimum data set
(MDS), including poor balance, incontinence, cognitive impair-
ment, depression, low BMI, loss of daily contact with proxies, and
impaired vision and hearing.")'' Furthermore, a higher sum of
MDS resident assessments protocol (RAP) triggers, a proxy indica-
tor of care complexity, is associated with higher risk for physical
functional decline and mortality.'11

Most previous studies used the baseline characteristics of Ultti
residents to predict their short-terns health outcomes; however, it

Published by -Elsevier Taiwan 1.1.0 onkli pa s tindia- CC BY-NC-ND license.
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should be noted that those baseline conditions might be greatly
influenced by recent acute illness or injuries, which may improve
shortly after appropriate care. In contrast to the static point of view,
the dynamic approach used for fall risk assessment had shown
significant improvements in risk estimation, However, only a few
studies took the same approach through evaluating changes of
individual functional measurements in relation to adverse out-
comes. In particular, changing individual RAP triggers to evaluate
long-term care needs and functional outcomes has not been re-
ported. The main aim of this study was to evaluate the impact of
rapid functional decline and the increase in the sum of RAP triggers
on 12-month mortality beyond the baseline functional status of
LlCF residents.

2. Methods

2.1. Participants

Residents of Banciao and Taipei Veterans Homes in northern
Taiwan were invited to participate in the study from January 2006
to December 2010. This study is a substudy of the Longitudinal
Older Veterans study, which evaluated the benefits of implement-
ing Minimum data set for Nursing Home, Chinese version 2,1, for
health management and care planning in Taiwan.17 The socio-
demographic characteristics of the residents of the two veteran
homes were similar because of the universal admission criteria.
Only data from participants vvho were older than 65 years and
under regular assessment for 18 consecutive months at the same
facilities were included for further analysis. Residents were
excluded if they were younger than 65 years, in a completely
dependent state, or unable to complete the regular assessment in
this period. Every participant was interviewed by the research staff
in the beginning and then every 3 months in the following period.
The study was approved by the Institutional Reviewing Board of
National Yang-Ming University, Taipei, Taiwan.

2.2. Measures

2.2,1. Physical function
The Resource Utilization. Group-III for Activities of Daily Living

(RUG-I11 ADL) version 5.2 was used for physical function assess-
ment.111 The RUG-III ADL score were retrieved from MDS items for
toilet use, transfer, bed mobility, and eating, in the range of 4-18. A
higher score means more physical dependence and greater need for
assistance, whereas a score of 4 means complete independence,

2.22. Cognitive function
Cognitive function in this study was evaluated using the MDS

Cognitive Scale (MDS COGS). The MD5 COGS were calculated from
eight items for cognitive patterns, communication patterns, and
physical functioning, and classified all residents into four categories
of cognitive status-"intact-mild impairment," "mild-moderate
impairment," "moderate-severe impairment," and "severe-very
severe impairment"-as previously described.19

2.2.3. Social engagement
Social engagement indicates the ability to initiate social inter-

action and to be receptive to social overtures from others, including
the formation of social ties, contact, and interactions. MDS social
engagement (SocE) is calculated from the six categories of inter-
action, planned acts, self-initiated act, own-goal, involvement, and
group acts. Each item was scored as present versus absent, and the
sum ranged from 0 to 6:20 A higher MDS SocE score indicated better
social engagement and also represents better quality of life.

Table 1
Demographic data and clinical characteristics among veterans home residents.

Variables Mean =.51..), or n (%)

Age (Y)
Body mass index (kg/m2)
Six-month ADL decline
Twelve-month mortality
Education (y)
<6
6-9
>9

MDS COGS
Intact-mild
Mild-moderate
Moderate-severe
Severe-very severe

Pain scale
No pain
Less than daily pain
Mild-moderate daily pain
Severe daily pain

Baseline RUG-1BAM
Baseline SocE
Comorbidisies
Amputation
Anxiety
Arthritis
Cancer
Congestive heart failure
Chronic lung disease
Cerebrovascular disease
Dementia
Depression
Diabetes
Deep venous thrombosis
End-stage renal disease
Hip fracture
Hypertension
Osteoporosis
Peripheral arterial occlusive disease
Parkinsonism

RAP triggers
Delirium
Cognitive loss
Visual function
Communication
Rehabilitation needs
Urinary incontinence.
Psychosocial well-being
Mood states
Behavior symptoms
Activities
Falls
Nutrition status
Dehydration
Dental care
Pressure sore
Psychotropic drugs
Physical restraint

Sum of RAP triggers at baseline
Increase in sum of RAP triggers within 6 mo

83.1 = 5.1
23.7 3.5
65 (5.8)
113 (10)

778 (71.4)
278 (25.5)
33 (3)

965 (86:5)
106 (9.5)
42 (3.8)
3(03)

689 (61.6)
285 (25.5)
135 (12.1)
9 (0.8)
4.6 4- 1.9
1.7 ± 1.3

12 (1.1)
8 (0.7)
171 (15.2)
38 (3.4)
15 (1.3)
196 (13.0)
86 (7.6)
69 (6.1)
42 (3.7)
225 (20.0)
3 (0.3)
14 (1.2)
12 (1.1)
596 (53)
12 (1.1)
5 (0.4)
40 (3.6)

25(2.2)
379 (33.7)
559 (49.7)
382 (34.0)
799 (71.0)
186 (16.5)
611 (54.3)
180 (16.0)
18 (1.6)
842 (74.8)
355 (31.6)
66 (5.9)
13 (1.2)
807 (71.7)
154 (13.7)
704 (62.6)
42 (3.7)
5A 2.5
520 (46.2)

ADL = activity-of daily living; MDS COGS Minimum Data Set Cognitive Scale;
RAP resident assessment protocol; RUG-III ADL = Resource Utilization Group-111
for Activities of Daily Living.

2,2.4. Pain assessment
Pain scale is categorized for both frequency and intensity con-

structed from MDS items as four degrees of severity: "no pain."
"less than daily pain," "mild/moderate daily pain," and "severe daily
pain."-1

2.2.5. RAP triggers
RAPS are the fundamental components established from

different combinationS of MDS items to evaluate the care problems
of residents!' A total of 18 RAP triggers for different situations were

LTC100072905-2
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included in MDS, such as delirium, cognitive loss, visual function,
communication, rehabilitation needs, urinary incontinence, psy-
chosocial well-being, mood, behavior, activities, falls, nutrition,
enteral feeding, dehydration, dental care, pressure ulcers, psycho-
tropic drug use, and physical restraint. The sum of RAP triggers was
considered an important indicator for care complexity and a pre-
dictor for mortality.711

2.2.6. Outcome measures
A concept of dynamic functional change within the past 6

months was used in this study to evaluate the 12-month mortality
risk afterward. A recent decliner was defined as a participant with
an increase in RUG-111 ADL score of at least 1 point in the past 6
months, and a nondecliner was defined as having a stable or an
improved RUG-III ADL score during the same period. All residents
were followed for 12 months to evaluate their mortality status.
Changes in the sum of RAP triggers within .6 months were included
in the analysis.

227. Statistical analysis
Data in the text and tables are expressed as mean ± standard

deviation or percentage when appropriate. A11 analyses were per-
formed with the Statistical Package for the Social Sciences for
Windows, version 18.0 (SPSS, Inc., Chicago, IL, USA). Comparisons
between continuous variables Were done using the Student t-test
or Mann-Whiney U-test, whereas comparisons between categor-
ical variables were done with the Chi-square test or Fisher exact
test when appropriate. Variables with a p value <0.1 in univariate
analyses were included in a logistic regression model using the
forward stepwise method, As the sum of RAP triggers had a strong
association with both functional decline and mortality, it was
removed in the logistic regression model of 12-month mortality
because of the potential confounding effect. For all tests, a P value
<0.05 was considered statistically significant.

3. Results

Of the study participants (n = 1380), 31 were excluded for being
less than 65 years old or having a completely dependent status
(RUG-111ADL score of 18) in the beginning of the study. A total of 151
individuals were excluded during the first 6 months for lost follow-
tip. Another 73 were excluded for lost follow-up, for reasons such as
moving out of the veteran home. A total of 1125 participants were
recruited for analysis in this observational cohort study, All par-
ticipants were males with a mean age of 83.1 = 5.1 years, and their
demographic. profile and clinical characteristics are summarized in
Table 1. Overall, 65 (5.8%) participants were categorized as func-
tional decliners. A total of 11.3,_(10%) residents died during the 12-
month follow-up. Associative factors for 12-month mortality in
the univariate analysis included BMI, baseline physical function,
early functional decline, underlying disease of cancer, chronic lung
disease, depression, and Parkinsonism, and positive RAP triggers of
cognitive loss, urinary incontinence, nutrition status, dehydration,
pressure sore, and use of psychotropic drugs (Table 2),

Participants with recent functional decline 'odds ratio (OR)
2.305, confidence inteival (CI) 1.002-5.303, p - 0,0491, higher
baseline RUG-111 ADL score (OR1.116, CI 1.002-1.242, p - 0.046),
positive RAP triggers for dehydration (OR 13.857, CI 3.07-62.543,
p = 0.001). and underlying disease of depression (OR 2,994, CI
1.161-7.721, p 0.023), chronic lung disease (OR 2.279, CI 1.149-
4,522, p - 0.018), and cancer (OR 3.23, Cl 1.078-9.682) were
significantly more likely to die in the 12-month follow-up Cable 3).

Comparisons between recent functional decliners and non-
decliners revealed that BMI, baseline MDS COGS status, baseline
social engagement. underlying disease of dementia. depression,

Table 2
Characteristics between surviving and deceased participants by univariate analysis.

Variables Deceased

11 3
Surviving
r: - 1012

Age (y) 83.7 :1:.5.4 83.0 5.1 0.154

Body mass index (kg/m2) 22.6 3.8 23.7 ± 3.4 0.01"
Baseline RUG-111 ADL 5.1..+.2.7 4.5 ÷. 1.8 0.017*
ADL dediner 15 (13:3) 50 (4.9) <=0.001*
Comorbidilies
Cancer 12 (10.6) 26 (2.6) <0.001*
Chronic lung disease 22 (19.5) 124 (12.3) 0.03*
Depression 9 (8.0) 33 (3.3) 0,03*
Parkinsonism 10(8.8) 30 (3) 0.004*

RAP triggers
Cognitive loss 48 (42.5) 331 (32.7) 0.037*
Visual function 66 (58.4) 493 (48.7) 0.051
Urinaiy incontinence 30 (26.5) 156 (15.4) 0.003*
Nutrition status 15 (13.3) 51 (5) <0.001*
Dehydration 5 (4.4) 8.(0.8) 0.006*
Pressure sore 24 (21.2) 130 (12.8) 0.014*
Psyehotropic drugs 88 {77.9) 616 (60.9) <0.001*

Baseline sum RAP 6.1 f 2.4 5.4 ± 2.5 0.002*

4p < 0.05.
ADL_ activity of daily living; RAP - resident assessment protocol; RUG-111
ADL Resource Utilization Group-111 for Activities of Daily l-iving.

hypertension, and Parkinsonism, RAP triggers for cognitive loss,
visual function, rehabilitation needs, urinary incontinence, mood
states, behavior symptoms, falls, pressure ulcers, psychotropic drug
use and physical restraint, baseline sum of RAP triggers, and
increased sum of RAP triggers were significantly associated with
recent functional decline (Table 4). Moreover, participants with an
underlying disease of Parkinsonism (OR 3.886, CI 1.172-12.88,
p - 0,026), baseline RAP triggers of cognitive loss (OR 3,178, Cl
1,6'19-6.238, p = 0.001) and mood problems (OR 2.898, CI 1.468-
5.719, p - 0,002), and increased sum of RAP triggers (OR 6.091, Cl
2.738-13.549, p < 0.001) were significantly more likely to experi-
ence functional decline after enrolment ("table 5),

4. Discussion

Poorer current physical function and the presence of recent
functional decline were both significant predictors for 12-month
mortality among older men living in veteran retirement commu-
nities. Although comorbidity of cancer and chronic lung disease
were also major factors for mortality, physical dependence, and
recent functional decline remained independently associated with
12-month mortality after adjustment for comorbidities. Previous
studies have shown that poor baseline ADL and presence of phys-
ical functional decline could predict long-term mortality in the
elderly population?' )5 In addition, functional decline was also
strongly associated with short-term mortality of older patients
discharged from hospitals. ' Even a part of recent functional

Table 3
Predictors of 12-month mortality for residents after 6 months admission.

Variables Odds ratio 95% confidence interval p

Age (y) 1.008 0.956-1.062 0.777
Body mass index (kgimz) 0.929 0.855-1.008 0.077

Depression 2.994 1.161-7.721 0.023*
Chronic Jung disease 2.279 1.149-4.522 0.018*

Cancer 3.23 1.078-9.682 0.036*

Baseline RUG-111 ADL 1.116 1.002-1.242 0.046*
AD1. decline 2305 1.002-5.303 0.049"
RAP trigger for dehydration 13.857 3.07-62.543 0.001*

0.05.
ADL activity of daily living; RAP = resident assessment protocol; RUG-111
ADL - ResOurce Utilization Group-111 for Activities of Daily Living.
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Table 4
Associated factors between ADL decliner and AUL non-decliner by univariate
analysis.

Variables Detlinei
(n 65)

Nun-decliner
(n 1060)

Age (y) 842 5.6 83 t 5.1 0.084
Body mass index (kg/m2) 22.6 ± 3.9 23.7 3.4 0.026'
Baseline RUG-III ADL 5.1 ± 2.7 4.5 J.., 1.9 0.127
Twelve-month mortality 15 (23.1) 98 (9.2) 001•
MDS COGS

intact-mild 40-(61.5) 925 (88) ,.0.001*
Mild-moderate 19 (29.2) 87 (8.3)
Moderate-severe 5(7.7) 37 (3.5)
Severe-very severe I (1.5) 2 (0.2)

Pain scale
No pain 36 (55.4) 653 (62) 0.077
Less than daily pain 15 (23.1) 270 (25.6)
Mild/moderate daily pain 13 (20.0) 122 (11.6)
Severe daily pain 1(1.5) 8 (0.8)

Baseline SocE 1.2 a 1.1 2 1.3 < 0.001*
Comorbidities

Arthritis 5 (7.7) 166 (15.7) 0.082
Cerebrovascular disease 9 (13.8) 77 (7.3) 0.086
Dementia 12 (18.5) 57 (5.4) <0.001*
Depression 8 (12.3) 34 (3.2) 0.002*
Hypertension 26 (40.0) 570 (53.8) 0.031*
Parkinsonism 7 (10 8) 33 (3.1) 0.006*

RAP triggers
Delirium 4 (6.2) 21 (2.0) 0.051
Cognitive loss 44 (67.7) 335 (31.6) <0.001*
Visual function 40 (61.5) 519 (49.0) 0.049*
Communication 29 (44(3) 353 (33.3) 0.062
Rehabilitation needs 55 (84.6) 744 (70.2) 0.013*
Urinary incontinence 22 (33.8) 164 (15.5) <0.001*
Mood states 24_(36.9) 156 (14.7)
Behavior symptoms 4 (6.2) 14 (1.3) 0.017*
Falls 30 (46.2) 325 (30.7) 0.009*
Pressure sore 17 (26.2) 137 (12.9) 0.003*
Psychotropic drugs 55 (84.6) 649 (61.2) .r.0.001*
Physical restraint 7 (10.8) 35 (3.3) 0.008*

Sum of RAP triggers at baseline 7.2 .; 2.7 5.3 2.5 <0.001'
'Increase in sum of RAP triggers

within 6 mo
55 (84.6) 465 (43.9) <0.001*

*p < 0.05.
ADL activity of daily living; MDS COGS Minimum Data Set Cognitive Scale;
RAP resident assessment protocol; RUG-111 ADL --Resource Utilization Group-111
for Activities of Daily Living.

decline among residents might be influenced by other acute illness
or exacerbation of underlying chronic conditions: however, most
attributable causes to recent functional decline should result from
the geriatric syndrome. In this study, it is clearly shown that both
physical dependence and recent functional decline were major
factors for 12-month mortality, which was compatible with the
terminal trajectoiy of physical function in the frail and diseased
population.' Developing strategies to manage physical dependence
and to prevent functional decline is important to prevent prema-
ture mortality in this setting.

Table 5
Risk factors associated with functional decline after adjustment by age and body
mass index.

Variables Odds ratio 955 confidence p
interval

Age (Y) 1.043 0.979-1.111 0.194
Body mass index (kg/rna) 0.929 0.845-1.021 0.127
Parkinsonism 3.875 1.169-12.841 0.027
RAP trigger for cognitive loss 3.164 1.612-6.212 0.001
RAP trigger for mocd 2.894 1.466-5.71 0.002
Increase in sum of RAP within 6 mo 6.096 2.741-13.562 ..0.001

*p < 0.05.
RAP - resident assessment protocol.

Increased sum of RAP triggers was positively correlated to
recent functional decline, and may subsequently increase mor-
tality risk. Furthermore, the dynamic increase in the sum of RAP
triggers outweighed the importance of baseline sum of RAP trig-
gers in this study related to functional decline. The sum of RAP
triggers was believed to be a good indicator for the burden of care
need and care complexity of individual residents, and it might be a
better indicator for disease burden and severity than the other
comorbidity indices based on MDS implementation. In the previ-
ous Longitudinal Older Veterans study results, the sum of RAP
triggers showed a positive correlation with functional decline in
an 18-month period and was associated with higher 12-month
mortality Increase in the sum of RAP triggers suggested
increased care burden and deterioration of physical independence,
and was shown to have a good correlation with the trajectory of
physical functional decline. Thus, a multidisciplinary approach
should be used to appropriately manage and reverse each indi-
vidual RAP trigger early and effectively to prevent increasing
triggers of RAPs.

Positive RAP trigger for baseline dehydration was also found to
be a strong predictor for additional 12-month mortality. Dehydra-
tion was not a rare problem to residents in aus, and it affected the
homeostatic status of individual organs and systems?' It was
proven to be a major risk- factor for morbidityand mortality because
of related electrolytes and fluid imbalance among the elderly with
impaired physiological reserve and reduced compensatory abil-
ity.48 Many studies revealed that dehydration was a significant
factor in predicting mortality among nursing home residents or in
populations with dementia.'" I) Unlike other factors such as un-
derlying diseases or necessary medications. dehydration should be
a reversible cause for mortality, and more attention should be paid
to early identification and intervention. The systemic approach
and adequate assessment of fluid status would facilitate early and
proper intervention of hydration among the elclerly.28.i2 34

Residents with depression were revealed to have a higher risk
for mortality in our study, and positive RAP trigger for mood state
was also found to be an associated factor for functional decline.
Depression has been recognized as a major factor that worsened
health outcomes of diseases and promoted disabilities, and was
also revealed as a factor for functional decline by previous
studies.3 37 However, depression was influenced by various un-
derlying diseases and socioeconomic statuses, and thus the asso-
ciation between depression and mortality was still controversia1.38
But it was generally believed that the diagnosis of depression
was less appropriate, and the prevalence of depression was
underestimated especially in the geriatric population.45 -Is As
subsyndromal depression in the elder population is estimated to be
8-9% in Asia, early detection for depression by effective tools and
adequate treatment for both depression and associated factors
were of great importance.'" I

In addition to the neurological disease of Parkinsonism, positive
RAP trigger for cognitive loss was identified to be a risk factor of
functional decline. Cognitive impairment or dementia was proven
to affect the deterioration of physical function in various durations,
either due to behavior and psychological symptoms, or other acute
illness associated with dementia,i'1"2 Residents with cognitive
impairment would have less ability to cope with environmental
changes or cooperate with active intervention programs, and thus
had higher risk of developing disabilities and physical depen-
dence.I.I5'43̀44 Multidimensional programs including reminiscence
therapy and group exercise regimens might benefit cognitive
impairment and further prevent advanced functional decline.''" 4'

Although this study showed that ADL decline was a risk factor of
short-term mortality, there are still several limitations. First, the
demographic characteristics of the study participants were
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homogeneous, especially in terms of sex, which would limit the
generalizability of these study results to the common population,
However, these findings should still be applicable to residents
hosted in long-term care settings. Second, this study is mainly an
observational study and thus the effectiveness of intervention
programs for each reversal of modifiable risk factors would prevent
functional decline and reduce mortality. Further multidisciplinary
intervention programs are needed to clarify whether change of
modifiable risk factors would improve functiOnal status and reduce
mortality. Third, residents who died within the first 6 months were
not included for analysis, and thus there might be bias related'to a
better health status among the remaining residents. However, an
analysis of the baseline profile among deceased individuals within
6 months and those included in our study showed no significant
difference in each category. Thus, we believed the factors distrib-
uted among different groups should not be disregarded after
including those deceased individuals.

5. Conclusions

Functional decline-independently predicts additional 12-month
mortality among LTCF residents, whereas the increased sum of RAP
triggers as well as a positive trigger for cognitive loss and mood
were associated with functional decline. The implementation of an
active screening strategy for RAP triggers and adequate interven-

tional programs before the trite development of functional decline

was suggested.
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