CREATION OF A LONG CORONA OUTCOME MEASUREMENTS REGISTRY (LCOM-R) : AN IMPLEMENTATION STUDY
INTRODUCTION AND BACKGROUND 
What is a registry ?

Rationale and the justification for the project

What is the solution ?

What is a registry ?
Patient registry is an organized system that uses observational study methods to collect uniform data to evaluate specified outcomes for a population defined by a particular disease, condition, or exposure, and that serves one or more stated scientific, clinical, or policy purposes according to one widely accepted definition (Gliklich et al 2020 Pa 8). Based on the taxonomy of registries proposed in (Gliklich et al. 2020 Pa 16) the proposed registry is a disease or condition registry. But it also be considered as a health services registry. However there are also other types of registries based on practical requirements like contact registries and quality initiative registries etc. as defined by the National Center for Advancing Translational Sciences of the National Institute of Health of US (NCAT 2021)
Independent Medical Practitioners' Association (IMPA) of Sri Lanka plans to implement a contact and QI registry for  all COVID-19 diagnosed and discharged patients in Sri Lanka. This registry will be referred to as Long Corona Outcomes Measurement Registry or LCOM-R of IMPA. LCOM-R is designed to be a disease registry as well as contact registry.  It is planned to collect the contact data for the sole purpose of data collection for quality initiatives rather than for enumeration of all COVID - 19 patients surviving in Sri Lanka. QI registries have certain identifiable characteristics which as applicable to the proposed registry are listed below (Shojania 2004) as follows. 
Typical Properties of a Quality Initiative and Contact Registry

1. Systematic data collection - standardized and defined elements of data 

for structured data entry (See the questionnaire for the variables operationalization).

2. Exposure of the registered users to a bundle of free healthcare services as a token of appreciation for the participation and cooperation in the research project
3. The collection of healthcare services from the point of view of medical informatics can also be referred to as Clinical Decision Support Systems (CDSS).

4. Report generation as a part of the operations of the registry - following

reports are generated by the LCOM-R – Patient Reported Outcome Measurements and Patient Reported Experiences Measurements. 
6. Identification of key stakeholders :

a. Clinical champions – IMPA pool of voluntary physicians
b. Technical champions – Staff consultants and technical assistants and volunteers who will support the database and the backend services
7. Funding and sustainability – To be inserted after the  discussions
8. Actionable information for providers and participants to be able to change the behaviors, processes or systems of care.

9. IMPA will form a steering committee for the purpose or governance and stewardship of the LCOM-R.
10.  Continuous rolling in and out of the independent variables from the data collection panels based on the importance of them to contribute to the knowledge and hence the management of treatment gaps and performance gaps.

It is basically a disease registry established for the purpose of studying the service delivery by the health care services.  This registry is intended primarily for descriptive purposes.  It is intended to show a real-world view of clinical practice regarding the healthcare service delivery for the diagnosed patients with Long Corona. Every attempt will be made to collect uniform information about individual persons, collected in a systematic and comprehensive way, in order to serve predetermined purpose. Data collection is purpose driven that is to get an overview of the current service delivery standards.  In the data collection phase we will have a list of data elements to be assessed - the details of which will be given in the methodology section.

Purpose of the Registry
1. To create a computerized list of all patients who developed COVID-19 in Sri Lanka

2. To provide patients for the secondary data collection and analysis

3. To provide a voice for the patients

4. To provide self management support  through patient empowerment and engagement

5. To evaluate the outcome after 1 year

Some Other Considerations :

Appropriateness

It is very appropriate as there is no one list of all these patients anywhere in Sri Lanka

Key Stakeholers

IMPA, SLMA, GMOA

Assess Feasibility

A study is in progress concurrently with the project

Registry Team

Pool of Volunteers from IMPA will form a steering committee

Governance and Oversight Plan

IMPA steering committee will guide the following processes

1. Funding processes

2. Resolve ethical matters

3. Advise the principal investigator on the public affairs

4. Advice the principal investigator on the public health measures

5. Make decisions reagrding the financial viability of the project

Rationale and the justification for the project

1. Lack of systematic collection and collation of data on the service delivery for the Long Corona patients 
2. Lack of infrastructure for continuous professional development by way of repeated and consistent clinical audits to be carried out in the private sector of Sri Lanka
3.  Lack of a role model for standards of care in the delivery of the healthcare services in the country for Long Corona
4. Poor quality surveillance methodology (Long Corona morbidity surveillance requires focus on the patient, rapid response, frequent monitoring, clinical input rather than a public health viewpoint, emphasis on case counts and more frequent dissemination of data for stakeholder consumption)
5. Unsubstantiated SARS-COV-2 infection morbidity due to focus on the acute morbidity during the time of crisis pandemic
6. To provide for a scalable infrastructure to solve lack of systematic collection and collation of data on the service delivery for Long Corona patients at the hospitals in Sri Lanka 
7. To investigate and be alert to any emerging complications and threats from Long Corona. WHO and CDC of US both suggest further research on the condition and evolution while managing the patients at the same time (CDC 2021, WHO 2021) 
8. To provide data for secondary data analysis research on LC

9. To provide support for clinical trials by collecting a generic set of data on clinical trials eligibility – cardiac function, liver diseases, kidney diseases etc and drug allergy

10.  To provide a platform for patient voice in LC morbidity management efforts 

Objectives

1. To create a list of Sri Lankan patients suffering from persistent symptoms following acute SARS-COV-2 virus infection
2. To develop a complete picture of patient care through a comprehensive database to help track patients’ management and outcome

3. To provide a database of patients for future randomized clinical trials
METHODOLOGY

Sample
Consecutive, unduplicated, unselected series of COVID 19 patients who will contact the office secretariat established for the purpose. Four populations are of interest in describing who will be studied: 

the target population - All the COVID 19 patients in Sri Lanka (TARGET POPULATION)
the accessible population - All those who respond to the IMPA call for action and were aware of the project (ACCESSIBLE POPULATION)
the intended population -  All those who consented and signed into the systems (INTENDED POPULATION)
population actually studied - All those who signed into the LCOM-R (ACTUAL POPULATION)
The generalizability of the study findings will depend on the representativeness of the target population by the actual population studied.

Setting
Community setting

Dependent Variables Definitions
Dependent variable definitions

Definite Long Corona (LC) will be diagnosed if the person reports having been admitted for covid – 19 after PCR/RAT positive and then discharged after recovery - Diagnosis card needs to be photographed and sent to the principal investigator. Probable Long Corona was the same criteria as for definite LC but no documented evidence of hospital management but evidence of PCR or RAT positive documentation.  Possible Long Corona means patients' self-report without any possible objective verifications. Long Corona Initial Questionnaire is used for this purpose (See under data collection).  
Independent Variables Definitions
The data collection forms for Long Corona initial questionnaire and PROMS and PREMS questionnaires will provide the independent variables (See under data collection). The selection of the variables had been based on the objectives mentioned above.
Sampling and Sample Size Calculations
Sample size calculation for binary variables was done using the following formula :

n = N*X / (X + N – 1), where X = Zα/22 ­*p*(1-p) / MOE2, and Zα/2 is the critical value of the Normal distribution at α/2 (e.g. for a confidence level of 95%, α is 0.05 and the critical value is 1.96), MOE is the margin of error, p is the sample proportion, and N is the population size [url - statistics.co.uk].  For a margin of error 5%, CI of 95%, for approximate population size of 7000 and an approximate proportion of 40% minimal sample size required is 351. Adding a 20% drop out rate that sample size will be 425.

Sample size for quantitative variables was not calculated due to unavailability of the required standard deviation (SD) values.

Sample size for nominal or ordinal variables were calculated as n = (Z 1-alpha/2)^2*(p)(q) / d^2 where n is the desired sample size, Z1−α/2 = Critical value and a standard value for the corresponding level of confidence. (At 95% CI or 5% level of significance (type-I error) it is 1.96 and at 99% CI it is 2.58). P is the expected prevalence or based on previous research, q is 1-p, d is the margin of error or precision, Z1-α/2 equals 1.96, P equals 40% or 0.4, q equals 1−0.4 or 0.6 and d equals 5%. Therefore minimal sample size is 368.79 and adding 37 (10% drop out rate) it becomes 406 [Sharma et al. 2020].

Sample size calculation for finite populations was done using the formula n = N/1+N*d2 where n is the required sample size, N equals total population, d equals Margin of error or precision. This was used for subgroup analysis in the main sample. For example if the population of adults suffering from diabetes is calculated to be 2500 in the course of the main study and working at 95% CI, where margin of error or precision  rate is 5%. The sample size for the prevalence of foot problems will be calculated as follows : n = 2500/1+2500*(0.05)2 and adding 10% for sample attrition rates the required  sample size if 379.

The feasibility and implementation evaluation study was conducted for a period of 1 year and the measurements of feasibility and implementation are shown below.
Outcome Measures : Feasibility and Implementation statistics
Feasibility measures used in this study were adopted from current peer reviewed literature (Bowen et 

al. 2009). This study will focus on the following areas relevant to medical registry creation .Acceptability : This measure refers to the simple acceptability of the tool reported by the user population. This will be measured by the System Usability Scale Questionnaire shown in the Appendix 1. 
Implementation : Implementation of the LCOM- R was assessed as follows.  First the complexity of the systems from the point of view of the users was assessed by using the Perceived Usefulness and Perceived Ease of Use (PUPEU) Scale shown in Appendix 2. Then the fidelity of the implementation was checked by the Fidelity Implementation Checklist (FICKL) which is shown in the Appendix 3.
 Practicality : This is the extent to which the LCOM-R can be used and data collected and analyzed within the available human and financial and other resources available for the unit. This was measured by calculating the Quality of Delivery Metrics and Adherence Metrics as shown in the Appendix 4 and 5.

Adaptation : This was measured by the Adaptation Strategy Metrics which calculate the success rates as defined in the Appendix 6.
Limited-efficacy testing : In this study we plan to use 2 questionnaires for this.  First the patient satisfaction questionnaire (PSQ 18) as a measure of Patients Reported Experiences Measures [https://www.rand.org/content/dam/rand/pubs/papers/2006/P7865.pdf. Accessed 7:33 PM 8/14/2021]. The PSQ-18 yields separate scores for each of seven different subscales: General

Satisfaction (Items 3 and 17); Technical Quality (Items 2, 4, 6, and 14); Interpersonal Manner

(Items 10 and 11); Communication (Items 1 and 13); Financial Aspects (Items 5 and 7); Time

Spent with Doctor (Items 12 and 15); Accessibility and Convenience (Items 8, 9, 16, and 18).

The second questionnaire is Patient Reported Outcome Measures (PROMS).  PROMS measure  general health related quality of life designed and developed for the project specifically. It assesses the physical health, mental health, disability, social handicap and impairments in a global sense. Both questionnaires are shown in e_PROMS_PREMS.xls file.

These 2 questionnaires will be scored at the start of the project for each user and again at the end of the project after 1 year. The differences between the scores are considered to support the limited efficacy testing for the practical purposes.

In addition to the implementation fidelity check at the feasibility testing stage we plan to use the Standards for Reporting Implementation Studies (StaRI) checklist (Pinnock et al. 2017).

Data Collection
The study flow chart is shown in the Figure 1.

In summary the following steps are taken in sequence :

1. Information Sheet is read and Consent is taken - eCONSENT-LCOM-R.xls
2. Registration is done – eREGISTRATION.xls
3. Long Corona Initial Questionnaire is filled - e_LCIQ.xls (Sinhala version missing)
4. Long Corona Symptom Inventory is filled once at the start and then if the patient wants as and when required - LCOM-R-SymptomInventory.xls
5. Patient is given access to suite of software programs for self management of wellness and illness - https://digayu.medica.lk/dhc/digiHealth.html 
6. At the end of 1 year : Patient reported outcome and experiences measured - e_PROMS_PREMS.xls
A special feature of this study is the unique process of data collection. We designed and developed a method of data collection which is scalable to national level based on the existing Information and Communication Technology.
At the design stage of the project we gave much thought to the data collection procedures in view of the following statistics.  Computer literacy (able to use a computer alone) rate for Sri Lanka total population is 32.0%  and computer literacy rate of employed Sri Lankans is 64.5%. Digital literacy (able to use a computer laptop, tablet, smartphone alone) rate for Sri Lanka total population is 49.5% and the computer ownership for Sri Lanka 22.2%. Health literacy rates among school teachers in Sri Lanka 32.4%  Denuwara and Gunawardane 2017). As our peoples' computer and digital literacy rates are much higher than the health literacy rate we expect some relief from the data entry burden. But again the IMPA has a large pool of volunteer physicians from all over the country who will support the

patients in filling up the forms through technology. However we also encourage the users self data entry, assisted data entry (help is available anytime for any user through the IMPA), proxy data entry (patients can nominate a caregiver - we expect the employed persons in the household will fit into this role). This multimodal data entry will help us to resolve many problems of data entry.
Also consider the following.  There were 10.10 million internet users in Sri Lanka in January 2020 with an internet penetration of 47% reported for Sri Lanka. Social media users were 6.4 million in January 2020 and the social media penetration of the island being 30%. The number of mobile connections reported for Sri Lanka January 2020 was 31.8 million connections with 149% of total population having the connectivity (Dataportal 2020). 

We decided in favor of automated data collection using ChatBot technology. Our assumption was low health literacy with higher computer and digital literacy favors an approach of multimodal data entry sessions as planned and explained above rather than a traditional physician based or trained research assistant based face to face interviews.  
ChatBot Technology for Data Collection
ChatBot (CB) is simply a computer software. It simulates a human conversation. A CB will carry 

out this conversation via messages or voice commands which either way is a trivial programming

task. Anyway CBs are programed to work independently of the humans (Elupula 2019). CBs are 

particularly useful in repetitive tasks in human conversations for instance like taking

consent for a research project.  Here probably the CB has added advantage of strikingly

similar verbatim output for each and every recruit in a sample running upto even hundreds

of thousands. CBs are also now known as Intelligent Personal Assistants. This is because of the

AI based programming used in  some of the most modern bots (Walch 2019). We designed and deployed several CBs for this study for the following reasons : 

1. The scalability requirements - we need to recruit as many as possible as the total number may be somewhere around 400,000 patients 
2. The efficiency - the repeatability and reliability of the conversation

3. Cost benefit - it is thousand times cheaper to use a CB rather than physicians to elicitsome of the most repetitively asked questions in traditional medical history taking.

4. Availability of the technology for the company sponsoring this program

5. Reusability of the some of the CBs for the same purposes

Problems Anticipated and Solutions Proposed
1. Data Quality

We will be assessing the data collected in the following 5 dimensions (Weiskopf and Weng 2013) :

a. Completeness- required minimal data entry, missing data, data duplication, 
b. Correctness - how much within the legal values

c. Concordance - agreement between the different data elements in the table
d. Plausibility - trustworthiness of the data collected, data contradictions
e. Currency - timeliness of data

The checking is automated at the level of database entry by data validation techniques.

Completeness will be checked by the fields tagged as mandatory. Correctness and plausibility

is checked by the legal values for a given field. Concordance will be partially checked by the

relationships between the underlying tables of the database. Currency is mostly ensured

by the structured data entry mechanisms where possible.

An active policy in checking data and asking for further information and more accurate data is planned. All the registrants will have their mobile phone number recorded.  This will help to do any follow up of required for data verification.  

2. Coverage

Following measures to increase the coverage of the population studied will be adopted : soliciting the support of the community health workers in Sri Lanka – public health inspectors, public health midwifes, public health nurses, MOHs, provincial directors of  health, soliciting the support from IMPA membership, soliciting the support from SLMA, GMOA, enlisting the support of the entire staff of the technology company. Also we will be approaching the print, electronic and social media as much as possible within the budgetary constraints. 
3. Sustainability of the project – We will be seeking funds from the following sources :

a. Sponsorship for 2 yrs from the technology company
b. Funding from Govt and other agencies like National Science Foundation, National Research Council
c. Pharmaceutical sponsorships

e. Data Sharing for secondary data analysis with academia 

A project of this magnitude and nature will always require something to be given to the patients for their participation.  We have tightly coupled the process of recruitment with incentives at several levels.

4. Patient recruitment will be enhanced by the offering of free healthcare service bundle to the patients who participate in the project.  The entire package of services is offered as a incentive for recruitment as a free software service bundle referred to as Illness Automation Systems (IAS). IAS was designed and developed by us to support the self management in chronic diseases.  IAS helps patients  themselves in carrying out the required medical self-care. The ChatBot script for IAS is given at e_HLC_Questionnaires.xls. The Chronic Disease Management Module and Observations on Daily Living are new concepts appearing in the current peer reviewed literature on the chronic diseases (Wagner et al. 1996, Wagner 1998, Wagner et al. 2002, Backonja et al. 2012).

5. Conflicts with patient physician relationship were given sufficient consideration right from the start of the design process. We expect no issues regarding the patient physician relationship as our

projects are designed to enhance and augment it rather than replace it or become a threat for it.  It is necessary to highlight the following steps.
ETHICAL ISSUES
Identification of potential risks/benefits.

Invasive procedures – none.

Risk to participants - privacy and security issues and following barriers and their resolution
Resolve the Following Ethical Issues :

1. Language barriers – We use the trilingual texts for the CBs and get the user to select the language preference.  But trilingual does not necessarily mean language barrier cleared because then knowledge barriers and literacy barriers that may arise as shown below

2. Economic barriers – data needs payments, and also the smartphone ownership. Because of this we always plan to have some printed forms to be filled by our members working in a locality close to the place where a user is residing.

3. Technology barriers – Even with the smartphone ownership there is no guarantee that the user may know how to use them for the study purpose.  This we plan to resolve by having helplines for aided data entry and also we may get our local members to do the job on a voluntary basis for the user. 

4. Literacy barriers – health, computer and digital literacy requirements 

5. KAP barriers – Knowledge, Attitudes and Practice barriers – peoples’ beliefs, established practices like may pose problems

Harm avoidance strategy - 

User sign in.

User authentication.

Two levels of security

Database level of security.

Use of industry standard security features to maintain the web services
Research benefits to participants/community

Increased health care quality.

Avoiding obligation of participation - Patients are allowed to join, rejoin, withdraw from the study at anytime without showing any cause
Patient's usual care is continued irrespective of study participation.

Standard therapies are not interfered with.

Provision of  a free service bundle based on current evidence
Ethical Principles and the Use of Registry
Maintenance of highest ethical standards in registry implementations is technically a very demanding activity.  On the other hand ethical breaches are not purely a matter of machines.  In fact a nearly perfect security can be compromised by a single human with devious mind and motive. Further security issues need to be evaluated in the context of interoperability, exchange of patient data, scalability, and extensiveness of the implementation. For the current implementation of the Cellipi as planned for the current project, following steps have been adopted to maintain the highest possible ethical standards (Warren and Brandeis 1890, Harman et.al. 2012, Rinehart-Thompson and Harman 2006,

National Institute of Standards and Technology Computer Security Division 2012,)

.

1) Patient consent mandatory for data mining.

2) Patient consent mandatory for data exchange between physicians.

3) Ethical dilemmas finally resolved by concurrence with the patient.

4) Maintenance of patient's privacy at any cost.

5) Steps taken to ensure patient's privacy are:

a) De-identification of data – Collected data are decoupled from Identification data.  Report generation programmatically matches the collected data with identification data.

b) User authentication and login into the system - 2 layers of usernames and passwords 

c) Registration of physician users.

d) Data exchange and data sharing disabled.

e) Prevention of hacking, cracking, e-paparazzi, e-stalkarazzi, at the server level as web site functionality based on the use of industry standard server functionality
f) Use of SSL (secure socket layer) for data transmission.

g) Database queries are minimized and confined to the servers, limited to the principal investigator at this stage of the project.

h) Denying public access except to the registered users to the Cellipi. Anyway no direct database access is given to anybody and all the database transactions are done using secure programming techniques.

6) Patient privacy will further be enhanced by allowing the patient of right:

a) To see or get a copy of the medical record.

b) To request to have any mistakes corrected.

c) To get a notice about how your health information is used and shared.

d) To say how and where you want to be contacted by your health care provider.

e) To file a complaint if you think any of these rights have been violated. 

7) Principal investigator will be on the alert to the following specific breaches of privacy:

a) VIP record snooping - VIPs, celebrities more than ordinary patients at high risk.

b) Medical identity theft - will be prevented by highly restricted system of user login and authentication and change of usernames and passwords on a monthly basis.

c) Coworker, family member and neighbor snooping - data segregation (i.e. identity information will be decoupled from the saved historical medical data. Report generation will be totally dynamic and programmed)

8) Principal investigator will constantly remind the backend server personnel about the importance of not sharing and not divulging the username and password given to them to access the servers and the rest of the decision support systems. This is because medical identity theft, financial identity theft and snooping do not require high tech hacking if the username and password is shared.

9) In case of breach of security following actions will be taken:

a) Immediate notice of the patient.

b) Immediate prevention of any repercussion of the breach – propagation of data breach 
c) Support all actions taken that places the patient's interests above all others.

10) Data integrity - almost all the data entries are date and time stamped,  this ensures that  updating, deleting and editing are audited. Data entry is always checked for date, time and person authentication
11) Data availability is ensured by using industry standard servers which had served well the principal investigator over many years in the past.
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