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1. INTRODUCTION AND BACKGROUND
 
Health Links Chronic Care (HLCC) is a Victorian Department of Health and Human Services (DHHS) patient identification and capitated funding initiative that targets those patients with chronic and complex care needs who are at a high level of risk for multiple unplanned admissions. The intent is to incentivise Health Services to better support these vulnerable patients in the community and, as a consequence, reduce the rate of potentially avoidable hospitalisation.

Data scientists from DHHS designed an algorithm to identify those who are at risk of 3 or more unplanned admissions to hospital in the subsequent 12 months, based on data routinely reported by Health Services to the DHHS. Revenue for these patients is not dependent upon admission to hospital. Anticipated funding is converted to a capitated fund which is paid to participating Health Services on a pro-rata basis monthly.

As the HLCC algorithm had a high false positive rate, a second algorithm has been designed by Data Scientists at Northern Health (NH) with the intent of improving accuracy in predicting multiple admissions and Emergency Department (ED) presentations. This algorithm will be referred to as the NH Readmissions (NHR) (algorithm.

Starting in 2016, a team at Monash Health developed a program called Monash Watch. This program has resulted in reduced hospital bed-day usage over 30 months in those enrolled in Monash Watch, compared with matched controls. Participating patients reported an excellent experience of the program1. This program is being implemented at Northern Health as Northern Patient Watch (NPW). 

Briefly, NPW is a program whereby patients identified by both the HLCC and NHR algorithm who voluntarily participate in NPW are regularly telephoned (typically weekly) in the community by trained lay persons for the purposes of self-rated health monitoring. If concerns are raised regarding the patient’s health or wellbeing, they are referred to an NPW health coach (allied health or nursing background) who will coordinate interventions as required (for example a visit to the general practitioner, community services or allied health input) with the aim of averting a presentation to ED or admission to hospital where appropriate.  NPW is standard care for patients meeting the HLCC/NHR algorithm criteria: the ethics application is for the evaluation of the program, not for the program itself.  See Appendix 1 for further information on NPW.


2.  AIM(S) AND OBJECTIVES OF STUDY

The primary aim of the evaluation is to determine the impact of NPW on hospital resource use (emergency attendances and hospital bed days)

The secondary aims of the evaluation are:
1. To describe the demographics and other characteristics (including gender, age, living situation, main language spoken at home, comorbidities, socioeconomic status and source of income) of the patients enrolled in NPW as well as those who chose not to enroll.
2. To compare patient reported outcomes at multiple timepoints to determine change over time.
3. To determine the experience of patients enrolled in NPW, via a visual analogue scale and net promoter score.
4. To determine the accuracy of the combined or independent use of the HLCC and the NHR algorithms in detecting people at risk of multiple hospital admissions.
5. To qualitatively assess the experience of/effects of the program from the point of view of NPW Staff, Patients and certain relevant external stakeholders.


3. RESEARCH PLAN / METHODS / PARTICIPANTS / MEASURES / PROCEDURES

The aims of the evaluation of NPW will be met using a mixed methods approach, divided into six sub-studies, outlined below. The first five will use information routinely collected as part of patient care, and the sixth will consist of interviews and focus groups of various stakeholders (NPW enrollees, NPW staff and external stakeholders). The interviews and focus groups are in addition to patient care. Each of the six sub studies are outlined in detail below. 


Sub-Study 1 (Primary Outcome): Effect of NPW on acute hospital resource use.

Aim
To determine the impact of NPW on hospital resource use (emergency attendances and hospital bed days), compared with a propensity matched historical control group.

Methods
Audit of routinely collected data. Bulk collection of hospital use data on enrollees of NPW will occur every 6 months for a period of 2 years. The specific data collected will be 
· Demographics (age, gender, residential postcode, indigenous status, marital status, language, country of origin) and health condition data (co-morbid burden)
· Emergency department attendances, triage category, and primary provisional diagnosis
· Hospital admissions (planned / unplanned) and length of stay, from the Victorian Admitted Episode data (VAED) and ICD-10-AM diagnosis and procedures codes 
Outpatient appointments (date, attended or failed to attend, specialty)

These data for NPW enrollees will be compared with data from propensity matched historical controls that retrospectively meet both the HLCC algorithm and NHR algorithm criteria, going back the previous 6 years.

Propensity Score Matching
Propensity score matching (PSM) is an analytical method for studies that is designed to replicate the characteristics of a randomised controlled trial by using probability (or propensity) scores to ensure a balance in the observed baseline characteristics between a group that received treatment and a group that did not (reference). We will utilise nearest neighbour (NN) matching, with the Stata psmatch2 program utilised for this procedure to match the index episode resulting in NPW referral /enrolment with an episode from the non-NPW patient cohort, taking into consideration: patient demographics; comorbidity burden; prior healthcare usage; and prior use of additional support programs including Acute to Community, HARP & CarePoint.

This matching will occur in a 1 enrolled NPW patient to 4 historical PSM patient ratio and will be used for intention to treat analysis comparing primary outcomes for enrolled patients compared with control patients. 

The PSM process will seek to identify controls from the same time period or 6 years prior to the beginning of NPW (from November 2014 onwards). 
NN matching will occur on the basis of: 
For Inpatient Episodes - sex, age, marital status, dates of admission and discharge, English speaking and interpreter use, indigenous status, ICU stay, in-hospital complications, ICD-10-AM diagnosis and procedures codes and admission type; 
For Emergency Presentations - dates of presentation, triage category, primary provisional diagnosis.
For outpatients: attended vs failed to attend, outpatient specialty
The propensity matching data collection tool is attached as Table 1. 

Statistical methods

Sample size calculation
The primary outcome of interest is a significant reduction in acute bed usage (emergency admissions/bed days) in those enrolled in NPW compared with propensity matched historical controls on an intention to treat analysis. 

The average length of stay (LOS) of HLCC patients in the twelve month period following their trigger admission for eligibility to participate in NPW is 3.7 days. The average number of admissions a year is 2.2, from this we calculate that the mean annual bed day usage by eligible participants is 8.133 bed days, with a standard deviation of 11.76 days.  

If a reduction in bed day usage per year of 25% was achieved (as per the Monash Watch case, reference 1), a sample size of 305 participants in each of the enrollee and control groups (1525 in total; 1 enrollee; 4 PSM controls) would have 80% power to detect this change, with the probability of type 1 error being 0.05, and assuming non-normal distribution of bed day usage. 

This sample size is expected to suffice for between group comparison of length of inpatient stay as well as ED attendances.

[bookmark: _GoBack]Assuming that 10 patients are enrolled to NPW per week, and recruitment commenced in November 2020, 305 enrollees should be recruited by June 2021. Each enrollee will be followed for 12 months, hence data collection will be completed around June 2022. 

Data will be prepared in Microsoft Excel by the Decision Support Unit (DSU) with statistical analyses conducted using Stata version 15.1 (StataCorp, College Station, Texas, USA). A two-sided p-value of less than 0.05 will be used to indicate statistical significance. We will report the between-group difference in hospital use outcomes between the two groups. We will compare hospital bed-day usage, admissions and ED attendances on an intention to treat analysis in the two groups using independent appropriate statistical tests for non-normally distributed count data in independent samples.


Procedures
Consent
As this sub-study is an audit of routinely collected data, consent will not be required.
Data collection, Storage and Confidentiality
Data will be collected every 6 months by members of the project team, and will be retained on a password protected Northern Health computer. Due to the need to link patient data across multiple datasets (i.e. admissions, presentations, appointments), the UR will need to be provided in the data extracts from the DSU. Once the linkage is complete, a study ID will be created and all identifiable information including UR will be omitted from further analysis. All patient identifiers will be coded and kept on a separate file. Only members of the research team will be able to access the data. The data will be kept for 5 years after the last patient is recruited, and then securely deleted. The patient data will be kept strictly confidential according to the National Statement on Ethical Conduct in Human Research 2007 and the Australian Code for Responsible Conduct of Research 2007.


Sub-Study 2: Demographics of NPW Enrollees

Aim
To describe the demographics of those eligible to enrol in NPW who consented to participate, as well as those who decline to participate. 

Methods
Audit of routinely collected data. For each person eligible for NPW, we will collect
· Age
· Gender
· Living situation (home alone/carers/accompanied)
· Marital status
· Cultural background/languages spoken at home
· Indigenous status
· Residential postcode - to allocate socioeconomic index for areas (SEIFA) code
· Main source of Income (eg -  Employment/other financial support)* NPW enrolled patients only
This data will be collated from the patients’ medical record by the study investigators. 
Statistical methods
Descriptive statistics will be used for data analysis, and potentially simple regression analysis to investigate any associations between any of these factors and NPW acceptance/refusal.
Participants
No new participants will be prospectively recruited, as we will be utilising data which has already been collected as part of routine care (audit of existing data).

Measures
All outcomes consist of nominal data categories. The data will be collected as referred to in the Methods section. See Demographic Data collection tool Table 2

Procedures
See consent, data collection, storage and confidentiality as per Sub Study 1 above.



Sub-Study 3: Patient Reported Outcome Measures

Aim
To compare patient reported outcomes at multiple timepoints to determine change over time.

Methods
Again, this study will consist of an audit of data routinely collected as part of NPW. At enrolment, every 6 months and (if practicable) at discharge from NPW, enrollees will be given a short questionnaire to complete – the EQoL-5D-5L2. It is extensively validated and available in multiple languages3. It takes 5-10 minutes to administer. 

The EQoL-5D-5L consists of two components. In the description component, health status is measured in terms of five dimensions (5D); mobility, self-care, usual activities, pain/discomfort, and anxiety/depression. The mobility dimension consists of items that measure a person's walking ability. The self-care dimension consists of items that measure a person’s ability to wash or dress themselves. The usual activities dimension measures performance in work, study, housework, family or leisure activities. In the pain/discomfort dimension, items measure how much pain or discomfort a person is experiencing. The anxiety/depression dimension measures how anxious or depressed they are. The respondents self-rate their level of severity for each dimension using a five-point likert (EQ-5D-5L) scale. In the evaluation component, the respondents evaluate their overall health status using the visual analogue scale (EQ-VAS). In addition, it provides a vertical visual analogue scale for self-reported health. The English Questionnaire is attached as Appendix 2.  

Statistical methods 
The scores will be measured utilising repeated-measures Analysis of Variance (ANOVA), to determine change over time.

Participants
No new participants will be prospectively recruited, as we will be utilising data which is collected routinely as part of NPW.

Measures
The measures for the Description component of the EQ-5D-5L in the five dimensions referred to above are ranked as ordinal variables on a scale, whilst the visual analogue scale for self-rated health in the evaluation part records responses as a measure of length and is therefore an interval scale. The data will be collected as referred to in the Methods section.  
Procedures
The EQ5D responses will be stored in RedCAP® for each enrollee. Responses across time points by a single enrollee are linked within the RedCAP® system and will be coded and made unidentifiable to the project administrators. Access to the association between the individual who took the survey and the survey responses is restricted in the REDCap®  database and can only be accessed by the study team. Any information provided to investigators will be in such a manner that it would not be reasonably possible for the investigator or others to identify the respondent directly or indirectly. Survey data will be exported from REDCap® into SPSS and Microsoft excel for quantitative and qualitative analysis. Data will be accessed only by the named investigators and will be stored in password protected databases on the Northern Health shared drive. Any hard copy data will be kept in a secure location within the Northern Health office of research. Data obtained from the project will be preserved for 5 years after the respondent completes/is discharged from NPW, by the named investigators after which all electronic and hardcopy data will be destroyed. 

	


Sub-Study 4: Patient Reported Experience Measures (PREMS)
 
Aim
To quantitatively measure the experience of enrollees in NPW using validated tools.

Methods
Audit of routinely collected measures. PREMS will be collected every 6 months for each enrollee. There will be two PREMS, and completion of these measures by the enrollee will take no longer than 5-10 minutes.
i. Visual analogue scale (VAS), vertical axis. The patient will be asked to put a cross on the line how satisfied, overall, they were with their experience in NPW. The bottom of the line is worst ever experience, the top, best ever experience. The line will have 10 increments marked. It has been demonstrated that a visual analogue scale has better discriminatory power than a Likert scale4. The patient will be asked to write why the answered as they did. See Appendix 3 for VAS.
ii. Net promoter score (NPS): the patients will be asked to score, from zero to ten, how likely they would be to recommend NPW to family or friends in a similar situation to themselves. The patient will be asked to write why they answered as they did. The ratio of detractors to promoters will be used to calculate the net promoter score. This has been used previously in comprehensive care programs5. See Appendix 4 for NPS

The two PREM measures are related but conceptually different. The visual analogue scale asks regarding best and worst experience as a number on a continuous line. The NPS “groups” responses; 0-6 detractors, 7-8 passives, 9-10 promoters. A score of 8/10 might suggest good experience on the VAS but is considered passive on NPS – hence the importance of taking both measures.
Statistical methods
These results will be described (not analysed, as there is no baseline).

Participants
No new participants will be prospectively recruited, as we will be utilising data which has already been collected.

Measures
Responses for each of the PREMs are recorded as variables on an interval scale. Responses on the NPS scale are then grouped into categories, and the unit of analysis becomes an ordinal variable. The data will be collected as referred to in the Methods section.  

Procedures
VAS and NPS responses will be stored in RedCAP® for each enrollee. Responses across time points by a single enrollee are linked within the RedCAP® system and will be coded and made unidentifiable to the project administrators. Access to the association between the individual who took the survey and the survey responses is restricted in the REDCap®  database and can only be accessed by the study team. Any information provided to investigators will be in such a manner that it would not be reasonably possible for the investigator or others to identify the respondent directly or indirectly. Survey data will be exported from REDCap® into SPSS and Microsoft excel for quantitative and qualitative analysis. Data will be accessed only by the named investigators and will be stored in password protected databases on the Northern Health shared drive. Any hard copy data will be kept in a secure location within the Northern Health office of research. Data obtained from the project will be preserved for 5 years after the respondent completes/is discharged from NPW, by the named investigators after which all electronic and hardcopy data will be destroyed. 


Sub-Study 5: Accuracy of HLCC/NHR Algorithm

Aim
To determine the accuracy, sensitivity and specificity of the HLCC and NHR algorithms in detecting people at risk of multiple unplanned hospital admissions and, where possible, improve the performance of the NHR algorithm with information collected during the study.

Methods
This will be an audit of routinely collected admissions data. The HLCC and NHR algorithms are designed to prospectively identify those who are at risk of 3 or more admissions in a year. The performance of the two algorithms, individually and in combination, will be determined. All people who are admitted to hospital during the study period will be part of the denominator for the calculations. Validity of the HLCC and NHR algorithms will be determined by measuring the sensitivity, specificity and accuracy of each algorithm, calculated as below:

	
	People who have ≥ 3 admissions in the twelve-month period from study inception date
	People who have 0 to 2 admissions in the twelve-month period from study inception date

	HLCC/NHR positive
	True positive
	False positives

	HLCC/NHR negative
	False negative
	True negatives


Sensitivity: 100 x [True positives/(True positives + False negative)]
Specificity: 100 x [True negatives/(False positives + True negatives)]
Accuracy = 100 x (True Negatives + True Positives)/(True Negatives +True Positives +False Negatives +False Positives) 

Participants
No new participants will be prospectively recruited, as we will be utilising data which has already been collected.

Measures
The time period for analysis will include both 6 and 12 months. The measures relate to the predictive performance of the two algorithms. The data at the relevant time points are treated as a binary variable. The data will be collected as referred to in the Methods section.  

Procedures 
See consent, data collection, storage and confidentiality as per Sub Study 1 above.


Sub-Study 6: Qualitative Study 

Aim 
To qualitatively assess the experience of/effects of the program from the point of view of NPW enrollees, NPW staff and relevant external stakeholders.

Methods 
Patient interviews
NPW enrollees who have been in the program for ≥ 2 months as at May-June 2021 will be offered the opportunity to participate in a structured interview with a trained qualitative methods researcher from Northern Centre for Health Education and Research (NCHER). This structured interview will take 30-60 minutes. These interviews will be recorded and transcribed de-identified. Due to likely ongoing Covid-19 precautions, these interviews will occur over the phone. The script for the interview is included in Appendix 5. 
Focus groups with NPW staff, external stakeholders (NH staff) and GP Clinic Staff 
NPW staff, NH staff affected by NPW, as well as GP practice staff who have patients enrolled in NPW, and external stakeholders will be invited to participate in one of three focus groups (one focus group each). Each group will have 6-8 participants. These focus groups will be recorded, transcribed and analysed for themes using the framework method as described above. Due to likely ongoing Covid-19 restrictions, the focus groups will occur over Zoom®. If this is the case, this will be discussed with the participants. The script/seeding questions for the focus groups are included in Appendix 5. 

Participants
NPW enrollees will be approached in person or in writing (post/email) starting in May 2021 2021, and offered an opportunity to participate in a structured interview from June 2021. A total of 12-15 interviews will be performed. A letter/email of invitation is attached in Appendix 6. NPW enrollees who participate in the interviews will be offered an interpreter if English is not their preferred language. 

Staff and external stakeholders will be approached via email starting in May of 2021. The following stakeholders have been chosen because they work in departments / services that are likely to have been impacted by the existence of NPW.
· NPW staff (Telecare Navigators and Health Coaches)
· Manager or Senior Staff, Community Services Directorate, Northern Health
· Manager or Senior Staff Member, Emergency Department, Northern Health
· Manager or Senior Staff Member, Ambulatory Care, Northern Health. 
· General Practitioners and General Practice Managers who have patients enrolled in NPW
Measures 
Interviews and focus group seeding questions are attached as Appendix 5. 
Analysis
Data from the patient interviews and the focus groups will be analysed for themes using a framework method6. The framework method (also known as thematic analysis) looks for commonalities and differences in collected data and then focuses on relationships between different parts of the data to draw descriptive and/or explanatory conclusions clustered around themes. We will aim to ensure conclusions drawn accurately reflect the content of the interviews, and two researchers will separately code all the data using an iterative constant comparative method7. The process involve three stages – initial coding, focused coding to reduce overlap and redundancy of coding, and lastly theoretical coding using the themes identified above8. Two cross-checks to compare emerging themes will be performed to assess for the accuracy of inferences at each stage. Where a difference is found, the researcher will provide evidence from the raw data about where their interpretation was gathered from to reach agreement. Where agreement is not found, a third researcher will be consulted. Finally, the data from the focus groups and the interviews will be triangulated pragmatic approach will be adopted when drawing final inferences from this study, with a focus on the development of useful knowledge directly related to the NPW program.

Procedures
Consent
Participants will be initially approached by a member of the research team by email, phone or in person, in around May-June 2021. The written invitations for the enrollee interviews are attached as Appendix 6 and invitations for focus groups as appendix 7. They will be given a week to decide whether they wish to participate, and if they indicate interest, they will be given a patient information and consent form. Informed written consent will be sought from all participants. Explanation of the nature, risks and benefits of the research will be provided to the patient verbally and in writing. Participants in these interviews/ focus groups is voluntary and can be withdrawn even within the interview/focus group. Part of the consent process will include an explanation that a decision participate or not will not influence the participants care in the NPW program in any way.
Participant information and Consent forms for NPW Enrollee interviews are included in Appendix 8. 
Participant information and Consent forms for Staff External to NPW are included in Appendix 9. 
Privacy
The following applies to all participants in the interviews/focus groups 
Record keeping procedures, including storage of data access and destruction
The participant interview data will be kept strictly confidential according to the National Statement on Ethical Conduct in Human Research 2007 and the Australian Code for Responsible Conduct of Research 2007. Patients, staff and external stakeholders who participated in interviews or focus groups will be re-identifiable by linking de-identified information with an ‘auxiliary dataset’ that contains identifying information. The de-identified information and the auxiliary dataset will be kept in separate password encrypted files on the Northern Health Office of Research shared drive. 

Interview and focus group transcripts will be de-identified at the point of transcribing. Both sets of electronic research data will be stored on a password encrypted file on the Northern Health office of Research shared drive. This research data will be accessible only by the named investigators.  

All study data will only be transferred and analysed in a de-identified form. Individual patients, staff and external stakeholders will not be identifiable from any presented or published material.
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