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Introduction
Service context
The Welsh Ambulance Services NHS Trust (the Trust) produces about 400,000 patient records annually which were previously recorded as handwritten notes (WASR, 2022a). The Trust implemented a new electronic patient clinical record (ePCR) in April 2022. 
The Trust Emergency Medical Service (EMS) crews have been issued with iPads on which is installed the ePCR application to record all clinical contact with patients. (WAST, 2022a)
This evaluation is taking place early in the maturity of the ePCR product. It is during the implementation phase which formally ends on 31st March 2023. A full post project evaluation will then be undertaken as set out in the project initiation document (WAST, 2021a).   
Background 
The recording of clinical care is essential for high quality, safe and clinically effective patient care. Patient clinical records (PCRs) are legal documents on which is recorded the clinical care provided by the EMS part of the ambulance service, who care for patients mainly from ambulances and rapid response vehicles (RRVs). PCRs are also used by other health care providers who deliver clinical care on behalf of the Trust eg St John’s Ambulance Service and volunteer CFRs.
National policy in the United Kingdom promotes the digitisation of health services (eg Welsh Government, 2015; Wachter, 2016; Topol, 2019). The introduction of ePCR technology is the latest stage in a move towards the digitisation of Trust patient care records which commenced in 2015 following the launch of a new clinical response model. This coincided with the adoption of a digital pen system (from Anoto) for PCRs. 
Digital pen
The digital pen system was introduced in the Trust in October 2015 as a key dependency of the Trust Clinical Modernisation Project, part of the clinical strategy.  The system’s main purpose was the timely capture and reporting of robust clinical data. This would in turn enable the production of a new set of clinical indicators, to support the clinical response model (WAST, 2015).  
Printed PCRs containing a specialised dot-pattern were completed by ambulance service staff using an individually allocated Digital Pen (Digipen). The digipen was able to record pen strokes on the dot pattern paper and store this as data relating to each PCR. 
Data flow from digital pen:
· Digital pen used on Anoto dot pattern paper PCR.
· digital pen docked on a Trust computer via a docking cradle and an encrypted PCR uploaded to a document server.
· PCRs decrypted and sent to the Anoto system for processing prior to validation.
· PCRs sent to the Trust validation system for data processing by the Trust clinical audit team (Data Input Clerks)
· After validation the data and PCR images are stored in the Trust Data Warehouse.
After the digipen was docked by EMS staff, the data was transferred into a Validation System. Only after PCRs had been validated could the data be used for Clinical Indicators and other purposes (i.e. clinical audits, clinical data requests, Freedom of Information Act requests). To help ensure ongoing data quality, validation was subject to regular quality assurance by the two clinical auditors. The aim of validation was to ensure the data captured accurately reflected what the clinician had written on each PCR.
The implementation of the digital pen system was successful in that it did support the production of a new set of clinical indicators. However, there were various hindrances to achieving the aim of the consistent capture of valid and accurate clinical data (WAST, 2020a):
· Loss of or damage to the physical digital pen eg loss of pen at scene, pen being left in uniform and going through the wash
· Battery life issues – digital pens required regular charging. After losing charge the pens would still function as an ink pen but no longer capture data. Some users continued to use pens on PCRs after the pen had lost charge, resulting in lost data.
· Memory issues – digital pens do not record data once the memory was full. Some users continued to use pens after the memory was full, resulting in lost patient data.
· Moving to ePCR would mean no further need to keep a supply of the Anoto dot pattern paper PCRs on ambulances and in stations. 
The use of digital pens to capture clinical data ended on 31st March 2022.
Purpose of ePCR - what was the problem that ePCR would solve?
As well as the specific issues with digipen listed above, the lack of a fully digital patient records solution had the following limitations (WAST, 2021a, 2021b): 
· Handwritten PCRs often illegible which limited use by hospital clinicians receiving patients.
· Data from digipens usable by WAST but nor shared with other healthcare providers.
· Limited the ability to use patient information from NHS Wales systems to support clinical decision making at scene.
· Ambulance patient clinical record not becoming part of a patient’s individual health record.
· Trust clinicians not able to see our own previous clinical records for that patient at scene. 
The ePCR would also ensure business continuity following the end of the digital pen contract.
In 2018 the Trust developed a strategic business case a fully electronic PCR (ePCR). This would be delivered via a new software product which would be installed onto iPads issued to every member of EMS staff. This was developed into an outline, then a full business case was submitted to the Welsh Government. Funding was approved in December 2020 (WAST, 2021c)
The full business case had four clear investment objectives, which were reflected in the project initiation document (WAST, 2021a). The objectives and expected benefits also align with the aims of the Trust’s Clinical Strategy (WAST, 2020b) and Digital Strategy (WAST, 2020c):
Table 1: ePCR objectives
	ePCR Investment Objectives
	Further information/ End benefits

	1
	To use better data and access to information to improve the quality of patient care
	· Access to patient information prior to their arrival at scene.
· Ability for crews to attend with an understanding of a patient’s medical history to make better informed clinical decisions.
· Capability to improve clinical skills through tracking of care episodes.

	2
	To increase data sharing in a collaborative whole system approach to health and care provision
	· Improved continuity of individual’s care between providers
· Linked data supporting National Digital Strategy (NDR) in a once for Wales approach
· Improved capability to support pandemic response
· Improved collaboration between health & care providers

	3
	To improve efficiency using high quality data to reduce waste
	· Reduced conveyance to emergency departments
· Increased referrals to appropriate local services (Care closer to home). 
· Certain clinical referrals can be made through the system, reducing reliance on phone calls

	4
	To increase the value of our clinical data through quality and timeliness
	· Improved Ambulance Service Indicator (ASI) reporting
· Improved timeliness of clinical data
· Improved quality of clinical data



The ePCR product and implementation
The TerraPACE ePCR solution from Terrafix Limited was selected by the Trust in February 2021 and contract signed. The product has been designed specifically for use within the Ambulance Service.  It is an electronic application created for use on a touch screen tablet device, (iPad, Android or Windows). 
The ePCR system was procured to capture clinical information following contact with each patient. Due to it being designed specifically for use within the Ambulance Service delivering emergency care, it follows standard workflows and operational practices with links to Joint Royal Colleges Ambulance Liaison Committee (JRCALC) Clinical Guidelines.
The ePCR was initially piloted in Betsi Cadwaladr University Health Board in December 2021.  The pilot involved dual system testing, digital pen and ePCR completion, and electronic hospital handover. ePCR was rolled out incrementally across Wales with full implementation Trust-wide from 1st April 2022.


Electronic health records in other UK ambulance services
Porter et al (2018, 2020) studied the opportunities and challenges of pre-hospital implementation of ePCR in the United Kingdom. This study provides a useful context in evaluating the implementation and adoption of ePCR in the Trust. The study found that half of UK ambulance services were using electronic health records, with mixed compliance from staff. The systems differed in the hardware and software being used, and some had reverted to paper records during the transition between systems. Some key findings from the study:
· Not all patient contacts resulted in an electronic record being created.
· Clinicians handling partial or unclear information which may not fit with the ePCR.
· Clinicians still sometimes continue with indirect data input eg such as writing on a glove first, or entering data retrospectively.
· ePCRs act mainly as a data store, rather than transferring information to other care providers, being used to support decision-making or to improve patient care.
· Ongoing changes – some services were already moving to or considering a second-generation system.
The study concluded that the full benefits of ePCR had not yet been achieved in terms of integration with other health care providers or in supporting decision-making.
Methods
Application of the FITT framework
The FITT framework (Ammenworth, Iller and Mahler, 2006) built on previous work on IT adoption. It was developed to assist with the exploration of the socio-organisational-technical factors which impact on the adoption of IT systems in a health care environment. The framework was used in a retrospective examination of a three-year case study which described the adoption of a nursing documentation system in a German University Hospital.
FITT stands for the Fit between Individuals, Task and Technology. The framework is expressed in three key relationships:
· Fit between individuals and task.
· Fit between individuals and technology.
· Fit between task and technology.
These relationships can be illustrated as a model, as shown in Figure 1
Figure 1: The FITT framework
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Data collection
Data was collected from a variety of sources in order to evaluate the ePCR product:
· Informal feedback from users.
· Internal Trust documents including clinical data quality assurance audits.
· Informal discussions with colleagues in the Clinical Intelligence and Assurance team.
· Personal experience.
Informal feedback was sought from a selection of ePCR users, working in EMS in the Trust. Permission was received verbally to use individuals’ feedback anonymously. Feedback was sought informally but was partially structured, in terms of certain areas and questions to consider:
· [bookmark: _Hlk128652139]Overall feelings about ePCR
· Usability / user friendliness of ePCR
· ePCR training
· ePCR implementation/ roll-out
· Benefits/ limitations/ challenges
· Any issues with hardware/ software/ connectivity
Questions to consider (have these benefits been achieved or is there potential in future):
· Has ePCR improved the quality of patient care?
· Has ePCR made any difference to the quality of clinical documentation?
· [bookmark: _Hlk128047860]Has ePCR contributed to the efficient use of referrals and pathways?
· Has ePCR contributed to reduced unnecessary conveyance to EDs?
· Has ePCR contributed to continuity of patient care between providers?
· Has ePCR contributed to improved communication/ continuity within WAST?
· Has ePCR contributed to workforce satisfaction and wellbeing?
· Has ePCR contributed to improved monitoring of clinical skills, or improved the quality of clinical development reviews?
Informal feedback was recorded from conversations with two members of EMS staff who use ePCR. 
The FITT framework was applied by carefully considering the data collected in relation to each of the three key relationships, and identifying if the fit was uncomplicated or if there were any problems with the fit.
Any interventions taken to improve the quality of the fit were also recorded, and considered in terms of the object of the FITT framework to which they relate: task, user, and technology. 
Ammenworth et al (2006) carried out a retrospective analysis of a three-year study. In contrast, this evaluation is being out during the implementation phase. In order to be a full evaluation using the FITT framework, a re-evaluation would need to be carried out following the implementation of interventions eg improvements to user interface and system architecture changes, and the product has matured. 

Results
Summary of the data collected – informal feedback
Table 2 below shows a summary of findings in terms of feedback in relation to specific issues and questions relating to the anticipated benefits of ePCR which were detailed in the project initiation document (WAST, 2021a)
Full notes of ePCR feedback conversations (Anonymous, 2023a, Anonymous, 2023b)
 can be found at Appendices A & B.  
If an area or question is not covered below it means that there were no specific comments on that point.
The table below also includes a consideration where applicable of the quality of the fit in terms of the key FITT relationships. This follows Ammenworth, Iller and Mahler (2006) who used lightning arrows to represent a problem with the fit (two arrows for larger problems), or a sun to represent an uncomplicated fit. In this case the table shows  where the fit is considered to be uncomplicated or indeed successful and  where there were specific issues or problems identified with the fit.
Table 2: Summary of user feedback and relation to FITT
	Area/ question / comments
	FITT relationship
	Interventions

	Overall feelings about ePCR
	
	

	Overall, a positive step forward. 
A brilliant system with a few little things to resolve.
	

	



	Usability/ user friendliness
	
	

	Clunky to use.
Common condition [most are clinical indicator conditions] sections, except Sepsis, are not at all obvious in how justified exceptions should be recorded. 
There is a section to enter primary survey observations and information i.e. <C> A B C D E and a separate section for entering a complete set of Observations. A lot of information in the <C>  A B C D E sections is not required [for every patient] so I’ve told them to skip these sections in most cases. Only use if a time-critical emergency. Only 10% of jobs are high acuity.
	Individual & Technology 
 
Task & Technology 
	ePCR ‘Top Tips’ are forwarded to the team. These have been produced to improve data inputting by on-scene clinicians.
User Interface (UI) change requests have been submitted to improve the user interface in terms of the completion of clinical indicator care bundles. 

	ePCR Training
	
	

	The online training slides / videos do not all reflect the Trust system. Some relate to a system by the same supplier, used in Scotland. Duty Operational Managers (DOMs) spend extra time after a patient handover to complete ePCRs with the crew. This has a negative effect on operational availability but will be worthwhile in the long run to improve ePCR completion.
	Individual & Technology

	Senior Paramedics in one area of the Trust have developed their own guidance on ‘how to complete ePCR’


	ePCR implementation/ roll-out
	
	

	Voluntary sector not considered eg St John’s, Community First Responders (CFR)
	Task & Technology 
	ePCR to be extended to volunteers who provide patient care

	There appears to have been a lack of testing prior to implementation.
	
	

	Implementation was timed well in relation to the creation of the Senior Paramedic role.
	
	

	Project management of ePCR implementation didn’t include individual ePCR lessons. Age range of EMS workforce from 19-60. Two hours online ePCR training are not suitable for this range of staff. We don’t learn like that.  The training is watching videos and reading text, it is not interactive. There was a message via the MDT to say that ePCR had gone live. There was an ePCR Support Team in the area but they weren’t available after 5pm. There were ePCR champions who had an IT interest but are not necessarily the right people to spread the information.  
	Individual & Technology

	

	Benefits
	
	

	It’s a no-fail system eg NEWS score is calculated automatically from clinical observations and will flash on screen if the total prompts concern. [The ePCR NEWS tab displays an information bar stating that “NEWS must only be used an aid for clinical assessment”].  
Sepsis condition section tells you what to do eg pre-alert when NEWS ≥5
	Task & Technology 
	

	Limitations/ Challenges
	
	

	A missed opportunity for valuable data to be collected – clinical observations don’t automatically transfer from devices to ePCR eg Blood Pressure, electrocardiogram (ECG) results.
	Task & Technology
 
	Software is there for Corpuls [ECG data to link with ePCR] in future.

	There is not a dedicated place in ePCR observations section to record a pain score. There are a lot of places to record a pain score eg on body parts, but it is not easy to see how pain has been managed. Tell staff to click on body part twice to enter more than one pain score to show pain management.
	Task & Technology
 
	

	Vital signs observations (eg respiratory rate, pulse, SpO2, blood pressure) recorded in the primary survey section (<C> A B C D E) appear in a different section to the set of observations in ‘Obs’ tab. This makes it hard to identify regular sequential observations. 
	Task &Technology 

	A change request has been submitted in relation to the system architecture

	The ePCR system has an issue where the ePCR record is not closed manually, the system will close the record and automatically allocate a closure code of 9999. Closing a record manually is vital as it provides a legal record eg to record transport on blue lights. Need for further training on the importance of closing a record properly.
	Individual & Task  Individual & Technology


	

	Not a ‘Smart ePCR’ eg ‘justified exceptions’ for CIs are not obvious.
	Task & Technology 
Individual & Technology 
	UI change request submitted to improve user interface in certain sections

	ePCR prompts should not be a replacement for exercising clinical judgement, it’s there to support you, not dictate to you. Risk of complacency.
Still need eyes on patient.
	
	

	Has ePCR made any difference to the quality of clinical documentation?
	
	

	It is clearer.
	Task & Technology 
	

	Has ePCR improved the quality of patient care?
	
	

	Yes. Clinical records are now more legible, easier to review. The quality of documentation has improved due to improved clarity. Standardised entries for certain conditions if options are used.
	Task & Technology 
	

	Has ePCR contributed to the efficient use of referrals and pathways?
	
	

	No. People don’t understand the system they’re working with. Experienced paramedics would know the pathways in their region. ePCR doesn’t show everything available, limits the dynamic element, limits flexibility. Follows a process but impedes the ‘flow of care’.


	Task & Technology 
	

	Has ePCR contributed to reduced unnecessary conveyance to EDs?
	
	

	One said yes, one said it is too early to say. It [conveyance to EDs] may have increased due to highlighting NEWS (National Early Warning Score) and POPs (Paediatric Observation Priority Score ) scores. This may override clinical judgement, clinical expertise and experience. NEWS score is not designed for all patients. It is a sepsis tool.
[Note: NEWS is automatically calculated on the ePCR based on each set of clinical observations; POPs is the equivalent for children (NHS England, undated)]

	Task & Technology - neutral
	

	Has ePCR contributed to continuity of patient care between providers?
	
	

	Works well. ePCRs are clearer than handwritten PCRs. Hospitals appreciate it [ePCR]. Senior ED consultants who said the previous [handwritten] PCRs were ‘thrown in bins’. The ePCRs are more formal, more professional [than paper PCRs]. ePCRs are seen more [than paper PCRs] in ITU, polytrauma, A&E.
Yes definitely. In relation to ePCRs, A&E doctors have called our “clerking” really very good. Some ePCRs were initially too long to get to the clinical narrative – hospital staff had to get past first few pages of primary survey observation, some of which were too much, not relevant.

	Task & Technology 
	

	Has ePCR contributed to improved communication/ continuity within WAST?
	
	

	Yes, it far better. Clinicians [arriving at scene] can jump on the record.
Yes. Once patient identity has been confirmed via the Welsh Demographic Service (WDS) there is a facility to view previous ePCRs relating to the same patient (and GP records). However. Can’t view previous ECGs [electrocardiogram results] which would be useful.  This can affect referrals and hospital conveyance as it would help identify if a 12 lead ECG is showing an acute problem.
A good example is the ability to view previous Clinical Frailty Scores (CFS) on previous ePCRs. This helps to the current crew to know what is normal for the patient, and if a Falls Pathway Referral is required. If the CFS is higher than recorded on the previous ePCR this could highlight the need for a referral and hospital conveyance. Or if the score is the same it may indicate that conveyance is not required, and the patient could be safely discharged at home. 


	Task & Technology 
	

	Has ePCR contributed to workforce satisfaction and wellbeing?
	
	

	Beneficial. Easier to complete. Disappointed in the layout, like a game. Boxes that you click on could be smaller. Could fit more data on screen. The layout doesn’t flow. Don’t need to show all cards [Common Conditions sections]. Staff shouldn’t need to consider things that are not part of the job they are on. Don’t give information you don’t need, when you don’t need it. Bandwidth is limited for everyone in terms of number of decisions.
Colour choices should be carefully chosen. Reds and greens overpowering background can hide text if user has dyslexia. 

	Individual & Technology - neutral
	

	Has ePCR contributed to improved monitoring of clinical skills, or improved the quality of clinical development reviews?
	
	

	Any paramedic skill delivered should go to a database to enable focus on gaps in clinical practice. 
Depends on individual HBCLs / SPs (Trust Health Board Clinical Leads and Senior Paramedics – responsible for clinical supervision) Records are clearer and easier to read without handwriting! 
This is a work in progress. It is easier to pick up clinical indicators in ePCRs. SPs don’t all have a defined team. Need to adjust to system. Use ISCLE clinical review tool on paperwork. ePCRs are clearer and detailed to be able to review documentation. DOMs (Duty Operational Managers)/SPs supposed to be third manning, now have to work on operational rotas to pick up on shortfalls and absence. 
	Individual & Task
 
Individual & Technology

Task & Technology

	



ePCR Clinical Data Quality Assurance audits
Following the Trust-wide roll-out of ePCR in April 2022 a series of ‘deep-dive’ clinical data quality assurance audits were undertaken by the Trust Clinical Intelligence and Assurance Team (WAST, 2022b). 
The Trust has reported on care bundle compliance to the Emergency Ambulance Services Committee (EASC) for 7 clinical indicators (CIs) since 2015. These form part of the reporting of Ambulance Service Indicators (ASIs) (NHS Wales, 2023). These included:
· Fractured neck of femur (#NOF)
· Stroke
· ST segment elevation myocardial infarction (STEMI – “heart attack”)
· Hypoglycaemia
· Cardiac arrest (Return of Spontaneous Circulation at hospital door)
· Sepsis (NEWS) (No longer collected)
· Febrile Convulsions (≤ 5 years old) (No longer collected)
Following ePCR implementation the Trust decided to report on CIs using raw (unvalidated) ePCR data only.  The clinical data assurance audits were carried out to determine if automated reporting from within the TerraPACE application / ePCR provided an accurate picture of the clinical care provided to patients for each condition.  These audits were intended to inform an improvement plan and future decisions on the quality of data required for reporting. The audits helped to provide an indication of whether the ePCR was beginning to achieve Investment Objective 4 - To increase the value of our clinical data through quality and timeliness. An expected benefit of ePCR was that prompts within the system would encourage the completion of care bundles and improve compliance to clinical indicators.
The clinical data quality assurance audits found that for each indicator, the care bundle compliance derived from raw ePCR data was significantly lower than that derived following manual audit of ePCR data, as shown in Table 3 below.
Table 3: Clinical Indicator ePCR data quality assurance audit results & ASIs
	CI care bundle
	Data Quality Assurance audit results 2022
	Published ASIs

	
	Audit period
	Raw data compliance
	Audited compliance
	Difference by audit
	Jan    20231
	Nov 20212

	#NOF
	Jan-Mar
	67.2%
	83.4%
	+ 16.2%
	63.9%
	88.7%

	Stroke
	Feb-Mar
	72.1%
	91.2%
	+ 19.1%
	76.2%
	98.4%

	STEMI
	Apr-May
	25.2%
	66.7%
	+ 41.5%
	42.3%
	85.7%

	Hypoglycaemia
	May-Jun
	47.8%
	86.8%
	+ 39.0%
	38.8%
	91.8%

	Notes
1 Latest ASIs published using raw ePCR data (NHS Wales, 2023)
2 Last ASIs based on digital pen PCRs (NHS Wales, 2023)



The reasons for the differences between raw data and audited compliance shown in Table 3 were investigated. The differences were largely due to data being recorded in the ePCR clinical narrative (free text) sections which could be identified by manual audit, but are not detectable in the raw data. Examples of such data affecting compliance are:
· justified exceptions (reasons for not completing part of a care bundle eg administering analgesia in cases of #NOF) 
· elements of care (eg giving aspirin for STEMI)   
The data quality audits have found that the expected improvements in CI care bundle compliance have not materialised, and in fact the opposite has occurred, in that compliance has decreased. 
The data assurance audits were carried out in the knowledge that it is very likely that the introduction of a new or changed clinical reporting system or document will create a step change in reported compliances due to human factors including familiarisation with the new system (WAST, 2022b).
The audits have resulted in recommendations for action including for the Trust to explore options for improvement to maximise ePCR data inputting by on-scene clinicians. This has led to the creation and issue of ‘ePCR Top Tips’ documents for EMS staff on the various clinical indicator conditions. The audits have also resulted in change requests being made for improvements to the User Interface to make the prompts clearer for recording the completion of care bundles, in particular the recording of justified exceptions (reasons for not providing an element of care eg patient refusal).
It is worth noting that denominators for all CI conditions have increased since the introduction of ePCR. This is due to the different method of selecting cases for inclusion. Previously, CIs reported using digital PCR data largely depended on the correct ‘condition code’ being written on the PCR by the attending clinician. The level of condition code compliance was regularly audited and at the time of the latest audit in September 2019 was 63.2% (WAST, 2020d).
Re-audits of ePCR clinical indicator data quality assurance are to be carried out following the completion of improvement actions, and allowing time for them to change behaviour and outcomes eg user interface and system architecture changes and actions taken to improve data inputting by on-scene clinicians.  
Qualitative themes emerging from data collected:
· Human aspects – eg monitoring of clinical skills, quality of clinical development reviews – data may be available but effectiveness (and whether it happens at all) depends on the responsible individuals accessing and using the data appropriately.
· Seamless care between healthcare services – the legacy system (digital pen PCRs) allowed the collection of clinical data by the Trust, but this was not available to other healthcare providers (eg hospital EDs). The PCR copy given to hospitals on patient handover was the handwritten paper copy. The ePCR is an undoubted improvement on this. Hospitals receive a PDF document containing all clinical observations and narrative that has been entered on the ePCR. This is also viewable in the ePCR application as the ‘Review Screen’. The PDF contains typed clinical narrative and patient vital signs and other relevant observations which are immediately legible. It is especially pleasing that it was reported that A&E doctors have complimented WAST ‘clerking’ on the ePCR. Clerking a patient is a vitally important part of hospital admission that impacts on patient care in hospital (Chow, Yvon and Stanger, 2014). 
· Continuity of care within the Trust – it has already been a identified as a benefit that EMS crews attending a patient can access previous ePCR/s relating to the same patient attended by the Trust. This can assist if a patient’s condition is acute, requiring hospital admission, or may lead to a clinical discussion that could lead to a safe discharge at home, thereby avoiding unnecessary conveyance to hospital.  
· Training – this was identified from informal feedback as an area which could be improved. Training on ePCR should be geared to the users in an interactive format to enable active learning. Training modules should be refreshed and updated to incorporate lessons learnt from the data quality assurance audits and following the completion of the requested user interface changes. The Senior Paramedic role could be the ideal way to deliver in-house training, however they need to be allowed the dedicated time to do this. 
Summary of results in relation to the FITT framework
Figure 2 shows the analysis of the Fit in the Trust during the implementation phase of ePCR. A indicates problems with the fit.  indicates an uncomplicated fit. The task & technology fit shows both, as there were aspects which were both uncomplicated (eg the immediate improvement in the legibility of patient clinical records) and problematic (eg raw data clinical indicator compliance).




Figure 2: Analysis of the Fit during implementation phase
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Discussion
Reflection on key findings
The results and key findings are based on two conversations with ePCR users, internal ePCR clinical data quality assurance audits and discussions with members of the Trust Clinical Intelligence and Assurance team.
Fit relationships
Summary of problems with the fit and an uncomplicated fit.
· Fit between individuals and task:
· Uncomplicated fit – the requirement to keep full, clear, and accurate patient clinical records is a part of EMS staff training and is a key requirement of the paramedic registration with the Health & Care Professions Council (HCPC, 2016).  
· Fit between individuals and technology (from user feedback in Table 2):
· clunky to use.
· training does not accurately reflect the Trust system and is not interactive (“It’s not how we learn”).
· If the ePCR record is not closed manually, the system will close the record and allocate a closure code of 9999. Closing a record manually is vital as it provides a legal record eg to record transport on blue lights. There is a need for further user training on the importance of closing a record properly.
· Reliant on ePCR being used correctly i.e. ‘as expected’
· Fit between task and technology (from user feedback in Table 2; ePCR data quality assurance audits):
· Common condition (clinical indicator) sections are not all clear on how to record non-compliance with care bundles and therefore data assurance audits have found that clinical indicator compliance is not recorded accurately from ePCR raw data.
· A missed opportunity for valuable data to be collected from devices (eg electrocardiogram)
· Nowhere to record pain score in regular observations.
· Primary survey sections make it difficult to identify regular sequential observations. 
· NEWS score is calculated automatically from clinical observations and will flash on screen if the total prompts concern.
· Clinical records are now more legible and easier to review. The quality of documentation has improved due to improved clarity. Standardised entries for certain conditions if options are used.
· Continuity of care with hospitals has improved. 
· Continuity of care within the Trust has improved.
Interventions
Interventions regarding task:
· none
Interventions regarding individual:
· Forma/ organisational - ePCR Top Tips issued with the aim of improving data input by on-scene clinicians (to improve Individual-Technology fit)
· Informal - Senior Paramedics in one area have developed and provided guidance to clinical staff on ‘how to’ use the ePCR – eg for most jobs staff are guided not to complete the Primary Survey sections in the ePCR as this can generate a lot of superfluous information which is not required (eg catastrophic haemorrhage). Staff are guided to go straight to complete a full set of observations which will then appear in the Review Screen in the observations section and not take up the first pages. Senior Paramedics in this area have also emphasised the importance of properly closing an ePCR record. If this is not done within a certain length of time, the record is automatically closed and certain information may be lost or not input in the first place eg diagnostic codes, and confirmation of whether patients were taken to hospital by emergency (‘blue lights’) or normal driving. (Individual-Technology, and Task-Technology fit)
Interventions regarding technology:
· User Interface changes request – to improve recording of exceptions, and therefore clinical indicator care bundle compliance.
· System architecture change request – to improve the display of recorded clinical observations.
Limitations of the FITT framework
The FITT framework (Ammenworth, Iller and Mahler, 2006) does not consider IT adoption in terms of improvements to the continuity of seamless patient care within a health care setting or between health care providers. This aspect was a key objective of ePCR implementation and adoption in the Trust and would benefit from separate consideration and evaluation. Although it could be an aspect of the task & technology fit.
The FITT framework also does not specially consider in depth or as a separate relationship, the organisational factors e.g., management structures which help or hinder the adoption of the IT product, in this case the ePCR. The implementation of ePCR in the Trust has coincided with the development of clinical supervision roles, in particular the role of Senior Paramedic (SP). Each SP has in theory the responsibility for the clinical supervision and development of a defined group of EMS clinicians. They are ideally placed to make the most of clinical data afforded by ePCR to facilitate meaningful clinical performance feedback to staff. It is beneficial that the SP role was created in advance of ePCR. However, in practice SPs have limited time and facilities available to extract ePCR data and to provide regular feedback to staff. Another factor is that SPs are not evenly distributed across Wales and are responsible for differing numbers of staff. An ideal number to which to provide clinical supervision may be 20-30. However, in one area of Wales there are two SPs covering 110 staff members between them (Anonymous, 2023b).  The potential benefits of ePCR in relation to clinical reviews and feedback to staff have not yet been realised due to the SP role not yet being fully and consistently embedded in the Trust and ePCR functionality not yet being fully linked to the Trust clinical supervision framework (Association of Ambulance Chief Executives, 2021).
The FITT framework does not directly measure the usability of the IT system being evaluated, although this can be considered as an aspect of the individual and technology fit.
Alternative approaches
An alternative to the FITT framework that could have been used is the Technology, People, Organisations and Macroenvironmental Factors (TPOM) framework. This was put forward by Cresswell, Williams and Sheikh (2020). It considers organisational factors such as management structures that are not covered by the FITT framework.
The System Usability Score (SUS) could have been used as an approach to evaluating the ePCR implementation. This was used in a survey of the usability of electronic health record systems in UK emergency departments by Bloom et al (2021). The usability and user-friendliness of the system has been mentioned in the informal feedback from ePCR users. The SUS would give a quantitative score of this important factor. To be useful it would need to be obtained from a meaningful sample of ePCR users.
Another approach that could have been used is that developed by Heeks (2006), who recognised the complexity of defining the success or failure of health information systems. He piloted a “design-reality gap” model to demonstrate its usefulness both as a post-implementation evaluation tool and pre-implementation risk mitigation tool. It can provide a theoretical basis to recognise and tackle health information system success and failure. The model uses seven dimensions to consider the gap between the current reality in a system or organisation, and the design proposal for the new project. These dimensions are:
· Information
· Technology
· Process
· Objectives and Values
· Staffing and Skills
· Management Systems and Architectures
· Other Resources
Large gaps between the design and reality of these dimensions can underlie health information system failure, and smaller gaps support success.
Conclusion
The FITT framework is a useful tool in which to frame the evaluation of the ePCR product, although other approaches are available which may have identified different aspects of the implementation and adoption. 
The ePCR is still at an early stage of adoption, as it is eleven months from implementation, and has not yet moved to ‘business as usual’. A further evaluation would be useful following the implementation of interventions which are currently in progress. 
Lessons for future software design and implementation
The Trust-wide implementation of ePCR had to be delivered in time to replace the digital pen system, the contract for which ended on 31st March 2022. The ePCR implementation was successful in terms of being delivered on time (this report has not looked at the cost of the implementation against budget). ePCR was implemented Trust-wide from 1st April 2022 following a staged geographical roll-out which commenced in December 2021.
Earlier implementation could have allowed more time for ‘dual-running’ of the two systems, and earlier ePCR data quality assurance.
System design should ensure the use of all existing knowledge and expertise available within the organisation, at an early enough stage to influence the design. The ePCR does not contain fields to be able to record all information that was recorded on the previous paper PCR. Some such fields (eg Time Onset Symptoms) are a requirement of the Ambulance Data Set (ADS) being developed in NHS Wales (see NHS Digital, 2022).  The system design stage should involve and gain input from the main users i.e. EMS clinicians. It may have been that as part of the project management it was felt that such input would have slowed the design stage and delayed implementation. The design was largely lifted from the supplier’s existing ambulance ePCR product.
The project management of the implementation should consider the main stakeholder in the product i.e. the EMS staff who will be using the ePCR on a day to day basis.
Training should include face to face and interactive training and guidance to cover the actual product features and what it can do, but also cover how it should be used to make the best use of the ePCR functionality to handover a meaningful record in hospital and for the purpose of producing accurate clinical indicators measuring the quality of care provided. The training package should have clinician input in its design.
Data quality assurance audits to be undertaken as part of structured testing processes prior to full implementation.
Allow longer time for improvement cycles following implementation. The contract with ePCR supplier only allows ad-hoc change requests to be submitted for the first twelve months, i.e. until 31st March 2023. After this date changes will each be costed and be limited to quarterly approval (WAST, 2021b).
Final thoughts
The ePCR has already changed the way that patient care is collected and measured in the Trust (i.e. clinical indicators reported on in Ambulance Service Indicators from raw data). It is too soon to say it will lead to improved patient care. Potentially, with improvements in the accuracy of recording and with access made available for clinical supervision (and individual clinicians) clinical indicator data could lead to targeted improvement where it is needed.
Also, it is yet to be seen whether the improved patient information which is now available to clinicians at scene will lead to an increased use of referral pathways and reduction in avoidable hospital conveyance.
As Porter et al (2020) concluded, for the full benefits of ambulance electronic health records to be realised there needs to be further engagement with other health and care providers and solutions found to deal with issues of interoperability between systems.
Technology in isolation from human and behavioural factors is rarely the complete answer to a problem. Nicholas Carr (2013) addressed this issue in an article which used examples from aviation where it has been documented that an over-reliance on autopilot, and subsequent erosion of pilots’ expertise, or de-skilling, had contributed to more than one fatal air crash. In broader terms, Carr also documents how reliance on computer systems and automated data can lead to complacency, and bias, i.e. trusting the data even when it may be wrong (Carr, 2013). 
Some of the feedback from ePCR users has hinted at the possibility that some features (eg the automatic calculation of NEWS scores based on sets of clinical observations), while being of benefit, can lead to an over-reliance on the screen rather than clinical judgement and experience. As one respondent (Anonymous, 2023b) stated, “You still need eyes on the patient”.
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Appendices 
Appendix A – Notes from conversation with Anonymous 2023a
Overall feelings about ePCR
Overall, a positive step forward.
A missed opportunity for valuable data to be collected – clinical observations don’t automatically transfer from devices to ePCR eg Blood Pressure, electrocardiogram (ECG) results. Other services do transfer observations from devices to their ePCRs eg West Midlands Ambulance Services, Welsh Emergency Medical Retrieval and Transfer Service (EMRTS)
The Trust Corpuls machine (ECG) data goes to the cloud, not connected to ePCR. Enhanced care teams set machines to record every so many minutes (every 2 minutes, every 10 minutes).
Usability / user friendliness of ePCR
Clunky to use.
ePCR implementation/ roll-out
Voluntary sector not considered eg Bank staff – do not have iPads. Nor do Medserve (Welsh version of British Association for Immediate Care (BASICS) doctors), St Johns, Community First Responders
Other questions (have these benefits been achieved or is there potential in future):
Has ePCR improved the quality of patient care?
Yes. Clinical records are now more legible, easier to review. The quality of documentation has improved due to improved clarity. Standardised entries for certain conditions, if options are used.
Has ePCR contributed to the efficient use of referrals and pathways?
No. People don’t understand the system they’re working with. Experienced paramedics would know the pathways in their region. ePCR is ‘black and white’. Doesn’t show everything available, limits the dynamic element, limits flexibility. Follows a process but impedes the ‘flow of care’.
Has ePCR contributed to reduced unnecessary conveyance to EDs?
It is too early to say. It [conveyance to EDs] may have increased due to highlighting sepsis/ POPs scores (Paediatric Observation Priority Score). May override clinical judgement, clinical expertise, and experience. NEWS (National Early Warning Score) is not designed for all patients. It is a sepsis tool. 
[NOTE: NEWS is automatically calculated on the ePCR based on each set of clinical observations; POPs is the equivalent for children. (NHS England, undated)]

Has ePCR contributed to continuity of patient care between providers?
Works well. ePCRs are clearer than handwritten PCRs.
Hospitals appreciate it [ePCR]. I have spoken to senior ED consultants who said the previous [handwritten] PCRs were ‘thrown in bins’. The ePCRs are more formal, more professional [than paper PCRs]. ePCRs are seen more [than paper PCRs] in ITU, polytrauma, A&E.
Has ePCR contributed to improved communication/ continuity within WAST?
Yes, it far better. Clinicians [arriving at scene] can jump on the record.
Limited patient data comes from CCC – only incident number and location. EMRTS populate their ePCR with more patient information eg name. [Caveat – Author not checked all comments for accuracy in terms of system functions etc]
Has ePCR contributed to workforce satisfaction and wellbeing?
Beneficial. Easier to complete. Disappointed in the layout, like a game. Boxes that you click on could be smaller. Could fit more data on screen. It doesn’t flow. Don’t need to show all cards [Common Conditions sections]. Staff shouldn’t need to consider things that are not part of the job they are on. Don’t give information you don’t need when you don’t need it. Bandwidth is limited for everyone in terms of number of decisions.
Colour choices should be carefully chosen. Reds and greens overpowering background can hide text if user has dyslexia. 
Has ePCR contributed to improved monitoring of clinical skills?
Any paramedic skill delivered should go to a database to enable focus on gaps in clinical practice. 
Has ePCR improved the quality of clinical development reviews?
Depends on HBCLs / SPs (Trust Health Board Clinical Leads and Senior Paramedics – responsible for clinical supervision). Records are clearer and easier to read without handwriting!






Appendix B – Notes from conversation with Anonymous, 2023b
Overall feelings about ePCR
A brilliant system with a few little things to resolve. For example, pain scores. There is not a dedicated place in ePCR observations section to record a pain score. There are a lot of places to record a pain score eg on body parts, but it is not easy to see how pain has been managed. Tell staff to click on body part twice to enter more than one pain score to show pain management.
Usability / user friendliness of ePCR
ePCR Top Tips are forwarded to the team. Common condition [most are clinical indicator conditions] sections, except Sepsis, are not at all obvious in how justified exceptions should be recorded. 
There is a section at the bottom of the ePCR screen to enter primary survey observations and information i.e. <C> A B C D E and a separate section for entering a complete set of Observations. A lot of information in the <C>  A B C D E sections is not required [for every patient] so I’ve told them to skip these sections in most cases. Only use if a time-critical emergency.
Used to be able to delete or edit other’s entries but not any more.
ePCR training
The online training slides / videos do not all reflect the Trust system. Some relate to a system by the same supplier, used in Scotland. Duty Operational Managers (DOMs) spend extra time after a patient handover to complete ePCRs with the crew. This has a negative effect on operational availability but will be worthwhile in the long run to improve ePCR completion.
Senior Paramedics in this area have developed their own guidance on ‘how to complete ePCR’
ePCR implementation/ roll-out
Implementation happened quite quickly.
There appears to have been a lack of testing prior to implementation. Was it tested on paper before implementation? [desk-top testing with clinicians]
Project management of ePCR implementation didn’t include individual ePCR lessons. Age range of EMS workforce from 19-60. Two hours online ePCR training are not suitable for this range of staff. We don’t learn like that.  The training is watching videos and reading text, it is not interactive. There was a message via the MDT to say that ePCR had gone live. There was an ePCR Support Team in the area but they weren’t available after 5pm. There were ePCR Champions who had an IT interest but are not necessarily the right people to spread the information.  
ePCR implementation was timed well in relation to the roll out of the Senior Paramedic role.
Benefits
It’s a no-fail system eg NEWS score is calculated automatically from clinical observations and will flash on screen if the total prompts concern. [The ePCR NEWS tab displays an information bar stating that “NEWS must only be used an aid for clinical assessment”].  
Sepsis condition section tells you what to do eg pre-alert when NEWS ≥5
Limitations/ challenges
Vital signs observations (eg respiratory rate, pulse, SpO2, blood pressure) recorded in the primary survey section (<C> A B C D E) appear in a different section to the set of observations in ‘Obs’ tab. This makes it hard to identify regular sequential observations. 
The ePCR system has an issue where the ePCR record is not closed manually, the system will close the record and automatically allocate a closure code of 9999. Closing a record manually is vital as a litigation record eg to record transport on blue lights need for further training on the importance of closing a record. 
Not a ‘Smart ePCR’ eg ‘justified exceptions’ for CIs are not obvious.
ePCR prompts should not be a replacement for exercising clinical judgement, it’s there to support you, not dictate to you.
Any issues with hardware/ software/ connectivity
Software is there for corpuls [to link with ePCR] in future. Still need eyes on patient.
Other questions (have these benefits been achieved or is there potential in future):
Has ePCR made any difference to the quality of clinical documentation?
It is clearer.
Has ePCR contributed to reduced unnecessary conveyance to EDs?
Yes. 
Has ePCR contributed to improved communication/ continuity within WAST?
Yes. Once patient identity has been confirmed via the Welsh Demographic Service (WDS) there is a facility to view previous ePCRs relating to the same patient (and GP records). However. Can’t view previous ECGs [electrocardiogram results] which would be useful.  This can affect referrals and hospital conveyance as it would help identify if a 12 lead ECG is showing an acute problem.
A good example is the ability to view previous Clinical Frailty Scores (CFS) on previous ePCRs. This helps to the current crew to know what is normal for the patient, and if a Falls Pathway Referral is required. If the CFS is higher than recorded on the previous ePCR this could highlight the need for a referral and hospital conveyance. Or if the score is the same it may indicate that conveyance is not required, and the patient could be safely discharged at home. 
Has ePCR contributed to continuity of patient care between providers?
Yes definitely. In relation to ePCRs, A&E doctors have called our “clerking” really very good. Some ePCRs were initially too long to get to the clinical narrative – hospital staff had to get past first few pages of primary survey observation, some of which were too much, not relevant.
Has ePCR contributed to improved monitoring of clinical skills, or improved the quality of clinical development reviews?
This is a work in progress. It is easier to pick up clinical indicators in ePCRs. SPs don’t all have a defined team. Need to adjust to system. Use ISCLE clinical review tool on paperwork. ePCRs are clearer and detailed to be able to review documentation. DOMs/SPs supposed to be third manning, now have to work on operational rotas to pick up on shortfalls and absence. 
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