The Right Patient receiving Right care at the Right Time - Timely Discharge from Critical Care.

INTRODUCTION:
The Welsh government has laid down a policy of providing critical care (right care) services to its population (right patient) in a timely fashion (right time) on many previously published reports and quality statements. The published reports also stressed that delayed transfer of care (DToC) and less commissioned critical care bed to population ratio is a major barrier in achieving above aim (Welsh Government, Delivery plan for critically ill, 2020, Pg 14). Critical care on its own is a valuable and very expensive resource in any hospital small or large. Individuals who need admission to critical care are physiologically unstable with a high risk of acquiring multiple organ failure, including death if treatment are not provided in a timely fashion. Ideally, people should be able to access critical care should they need it, in a timely fashion. 

Commissioned Critical Care (CCC) beds per 100,000 population in United Kingdom is one of the lowest in Europe (Rhodes, A et al, 2012). Wales, despite being a nation with its own devolved health and social care budget, CCC beds are even lower as compared to England. The CCC beds in Wales is 5.7 as compared to seven in England (Welsh Government, Task and Finish Group on Critical Care, 2019, Pg 2). The total CCC beds per 100,000 population is increasing year on year but the pace of increase is slow as compared to the annual rise in demand of critical care as per many published government reports (Welsh Government, Task and Finish Group on Critical Care, 2019, Pg 2). The need to increase beds is mainly due to the growing and ageing population nationally (Welsh Government, Task and Finish Group on Critical Care, 2019, Pg 1-2) and it will need a combined effort from Welsh government and health boards to match the rising inequality in critical care bed supply and demand through commissioning of new beds. To commission a new critical care bed, it cost £800,000 on an annual basis. Also, daily cost to run a critical care bed is £1932 (Welsh Government, Delivery-Plan-for-the-critically-ill, 2016, Pg 7). In summary, recurrent costs to run a CCC bed is high for any health board, capital costs to create a new bed capacity is high for Welsh government and the demand for critical care bed is rising on an annual basis which is resulting in overall shortage of available critical care beds at any moment of time across Welsh hospitals.

The other major problem that all critical care units are facing is DToC, which in simple terms means stepping down a patient from critical care to ward level care once a patient has recovered from critical illness. DToC is measured in two different time function variables: Firstly, DToC >4 hr, and secondly, DToC >24 hr. DToC > 4 hr is rising on an annual basis, this was reported as 51% in the year 2015-16 to 66% for the year 2017. DToC has been a major challenge across health boards, and they are mainly related to hospital patient flow (Welsh Government, Delivery plan for critically ill, 2020, Pg 14). Economically, this incurs a huge loss to the Welsh government, a loss which runs in millions of pounds. In the year 2015-16, the financial loss in lost CCC bed days due to DToC alone was at least £9.1m (Welsh Government, Delivery plan for critically ill, 2020, Pg 14) which rose to £10.0m (Welsh Government, Task and Finish group on critical care, 2019, Pg 45) for the year 2017-18. Welsh government has set a maximum target of five percent of total bed occupancy lost to DToC (Welsh Government, Delivery plan for critically ill, 2020, Pg 14) at any point of time but this target gets breached on most days. Figure 1 shows a line diagram of mean monthly critical care bed occupancy hours lost due to DToC from one of the large University hospitals between April 2021- March 2022.
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Figure 1: Line graph showing monthly percentage of CCC bed hours lost due to DToC.

DToC has negative impact on Intensive care team’s ability to provide right care at right time to right patients as eluded within the Welsh Government policy aim. Some of the other critical care quality attributes such as Timely, Equitable and Efficient critical care delivery are also not met (Welsh government, Care of the critically Ill: quality statements, 2021). DToC has many implications on individual patients and NHS organisation (Welsh government, Delivery plan for critically ill, 2020, Pg 14), some of which are elaborated as following:
1. Reduces critical care team’s ability to timely admit patients who are suffering from acute and life-threatening illnesses, and in immediate need of a critical care bed. This happens mostly due to old patients waiting to be step down to a ward level care. Delay in admission to critical care increases mortality (Kiekkas P et,al 2022).
2. Unavailability of critical care beds leads to cancellation of elective surgeries, out of hours discharges (Discharges after 1700 hrs on any day from critical care units) and non-clinical transfers (Wunsch H et al, 2015).
3. Safety of patients is compromised as they are moved to ward during inappropriate times of the day. 
4. DToC also has an impact on increasing overall hospital length of stay as reported by Tiruvoipati, Botha et al, 2017).
5. Financial loss as unavailable beds lead to wastage of costly resources (Leslie, G. and Williams, T. 2004).
6. Detrimental effect on patients as timely rehabilitation is delayed which in turn increases hospital stay. 
7. Some of the admissions are refused or deferred due to lack of available beds (Welsh Government, Task and Finish Group on Critical Care, 2019, Pg 45).

Once patient is ready to step down as per consultant, the discharge readiness message is relayed to nurse flow coordinators. Nurses in turn update the information on a physical white board, and then contact the hospital flow team for discharges, through a phone call or a bleep system. The message is then written on a piece of paper by the hospital flow team. ICU nurse flow coordinators then must phone or email multiple times throughout the day to get a response whether the patient will get a ward bed or not. The current way of communicating step-down process is poor, dysfunctional and routinely misses key discharge related information. Similarly, a patient who needs an admission bed is communicated to critical care nurse flow coordinators over phone by consultants, which in turn write the information on a physical board. Also, a brief survey was done across all critical care units within Wales and the main question asked was around medium used to manage daily patient flow. The options were: paper based, physical board or digital medium. Conclusion of survey was that none of the unit currently were digital based. Non-digital medium makes it difficult for timely decision making and communication which in turn delays timely and appropriate patient flow and delivery of care. In summary, the current process of admission and discharge is paper based and uses a physical board with minimal ability to collect data and analytical capability which results in poor communication and decision making among key stakeholders. 


Service Improvement Step:

The process can be made better by developing bespoke software solution which will have the ability to track admission and discharge processes on a live electronic platform (Clark, K.W, Moller, S. and O’Brien, L 2014). The digital dashboard will be accessed by all stakeholders involved, namely consultants, critical care nurse and hospital flow coordinators to exchange patient flow information. This will reduce the individual cognitive burden and will provide a holistic information on patient flow with better visual aids. This will not only help in timely and correct sharing of information (Better communication and decision making) but also collection of data which can help in better understanding of upstream and downstream bottlenecks (delivery of care) to help improve the current process.

METHODS:
The current way of flow management in critical care units across Wales is archaic and needs digital innovation to improve daily effectiveness. 
A literature search was done using the following search criterion “electronic dashboard to manage patient flow” OR “electronic dashboard to manage patient flow in ICU”. The search yielded five results as per inclusion criterion. Most of the search results included studies which were done mainly in the emergency department (ED). Diagram 1&2 describes PRISMA flowchart and all included studies. Apart from the literature search, interview with consultants and nursing flow coordinators from large university hospital were also undertaken. 
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Diagram 2: PRISMA flowchart using search criterion “delayed discharge” AND “ICU”


The digital technology required to manage daily critical care patient flow is not complex. It should have following features: 1) A live electronic system which can work on desktops and mobile phones, 2) capability of simultaneous access by multiple different users at any time, 3) Ability to enter basic details like demographics, post code, hospital and NHS number, theoretical or projected discharge date and time, actual discharge ready date and time, time of actual discharge from critical care, admission diagnosis, primary speciality team prior to admission in critical care - Medicine, Surgery or Specialist services and rehabilitation or special care needs when ready for discharge. 
National survey and user interview showcased the need for service improvement. Literature search backed the idea of how-to bring improvement using digital innovation and technology.

GAP ANALYSIS:
There are many types of gap analysis as explained by Kimberlee Leonard and Cassie Bottorff (2022), Forbes.com. The one which will be most useful here will be a performance gap analysis. Currently the process utilises email as the only digital tool, hence a massive digital gap.
Firstly, a task force will be created involving all stakeholders (managers, nurse flow coordinators, hospital flow coordinators and consultants) who are currently involved in managing daily critical care patient flow. They will be tasked with mapping current process by creating a value stream map and what new things are needed to make the process cost effective and efficient (Marin-Garcia et.al, 2021). Secondly, a series of sessions or meetings will be scheduled to discuss admission and discharge roadblocks and what SMART (Specific, Measurable, Achievable, Relevant and Time-sensitive goals can be agreed to improve upon the current processes (Doran G,1981). These new goals will also be guided by policies from the Welsh government. Thirdly, an analysis will be done to identify what digital resources will be required to achieve SMART goals? costs involved? timeline in which change can be achieved and what are the measurable and non-measurable risks involved? Lastly, what are the series of steps that will be taken to close the gap. 

OPTIONS APPRAISAL:
Aim is to find a new digital solution which will add efficiency to the process and improve timely discharge of patients from critical care. New solutions could be built-in or procured depending upon the task complexity and resources availability. 

The assessment and development of digital solutions will be done using scaled agile principles and methodologies as described by…please check this line Heusser M, (2015), Introducing the scaled agile framework. Some of the principles used will be as follows:
A) Clear and precise objectives. B) Define specific technological functionalities and capabilities. C) Define project time horizon and project risks. D) Define Information governance standards, hardware, and cloud support function. E) Standards that will be used to evaluate digital options. F) Security and reliability. G) Overall cost including future development and maintenance.

RESULTS: 
 Literature search using search criteria “electronic dashboard to manage patient flow in the ICU” resulted in five large studies that are summarised in Table 1. Some of the studies were done in a setting of pre-hospital where incoming capacity was managed using a live dashboard that reduced ambulance diversions, timely allocation of resources, improved matching of bed demand and supply and reduced harm to patients by providing the right care at the right time at the right location (Mcleod B et,al 2010). None of the reported studies were done in a setting of a critical care environment. A similar search on PubMed using search criteria “delayed discharge” and “ICU” resulted in 16 results. Inclusion criteria were studies which studied the impact of delayed discharge. Table 2 has summarised all seven studies in detail. Interview with consultants and nursing flow coordinators also revealed a consistent message of an inefficient and broken current system of managing daily capacity.
[image: ]Table 1: Five studies with described results using search criterion “electronic dashboard to manage patient flow” OR “electronic dashboard to manage patient flow in ICU”.
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1. FUNCTIONAL REQUIREMENTS:

· The new digital system should be able to interact with hospital patient demographics systems through an application programming Interface (API). Once a patient hospital number or NHS number is entered by the user, basic demographic details like Age, gender, Post code should automatically come up on the system. 
· On an individual patient bed window, a user should be able to enter patient admission diagnosis and level of organ failure (3 or 2). Level of organ failure determines nurse’s allocation. 
· Ability to enter data for patients who are referred for critical care admission.
· Admission time and date: This capability is divided into two functionalities, accepted patient date and time and actual patient date and time of admission within critical care footprint. The difference will calculate the admission time delay.
· Discharge: Predicted or projected (24-48 hr prior to actual date) discharge destination which could be a medicine, surgery or a specialist ward, actual date and time when patient is ready, time when ward bed is allocated and lastly actual physical discharge date and time. The difference between actual discharge ready date/time and physically discharge date/time will give DToC time. 
· Some of the individual functionalities will have drop down boxes as well as free text boxes. 



2. NON-FUNCTIONAL REQUIREMENTS:
· Security: The new digital solution should run on the hospital trust or DHCW server which will have inherently strong secure systems to ward off any internal or external threat. It will be structured to ward off any cyber security threats (Data security and protection toolkit 2022, NHS Digital).
· Performance: The proposed software solution will be simple and not have huge functionalities apart from basic demographic data and admission discharge date and time. It should be resilient enough to perform the task with minimal to no downtime and system failure. In future, if the functionalities are added, the system will be made robust to perform adequately with added functionalities. 
· Reliability: This is a very important non-functional requirement and reliability will be tested robustly through multiple trial runs prior to going live. During the testing phase, mean time of failure and probability of unavailability will be measured.
· Availability: The product will be available 24*7 on all critical area desktops and some functionalities will be available as an android and apple mobile application. 
· Training: Individual users should be able to work on a new system after 30 min of training. 
· Speed: Ability to refresh frames every five minute and able to process 1-5 tasks per second.
· Size: Application will be hosted on a trust server which has enough memory to accommodate all the data points. 



3. DATA COLLECTION AND ANALYSIS:
The new digital system should be able to collect admission and discharge time delay, bed cost loss due to DToC and many other data points to understand upstream or downstream patient flow bottlenecks that come up on analysis. 
4. KNOWLEDGE MANAGEMENT:
There is already a lot of national data collected around the annual critical care DToC rate and bed loss in monetary terms due to DToC. Aim will be to calculate DToC rate pre and post implementation of digital software. 

5. TECHNICAL STANDARDS: Data structures, terminology and interoperability. 

· Data structures: Patients demographic data like age, name, date of birth will be collected as either free text boxes or through an API which will automatically fill the boxes once patient’s hospital number is entered. Patient admission diagnosis will be entered as drop-down boxes based upon SNOMED clinical terms. Patient discharge destination ward will come up based on primary speciality and admission diagnosis. 
· Terminology: The only specific digital terminology that will be used is a medical or surgical diagnosis during the time of admission. This will be imputed on the front end of the digital application as SNOMED clinical terms diagnosis. 
· Interoperability: New digital solutions will be interlinked through a national demographics database using NHS number and nursing electronic roster through an API. 

GAP ANALYSIS RESULTS:

The current process of managing daily critical care patient flow is mostly done by writing notes on paper and use of a physical white board. The only digital platform used is an email for sharing discharge information with hospital flow coordinators. Discharge information is also relayed through multiple phone calls throughout the day. So, the old way of working is mostly paper based with minimal interaction to any digital system. Hence the digital gap is huge.
In comparison, the proposed new process of managing patient flow is completely new digital application with API linkages required with two other systems namely: 1) Nursing roster which will feed names and total number of nurses coming to ICU on any shift, 2) Hospital admission demographic data system. ????(What does this line mean)Huge gap in digital literacy and handling of sensitive patients detail on any digital platform among end users. 

The new system will have following SMART objectives:
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OPTIONS APPRAISAL:

The different functionality and non-functionality requirements for the new system are not complex. Simply, the user should be able to enter basic demographic detail, admission diagnosis, organ support required and few specifications around admission and discharge processes. Also, some specifications are quite unique for critical care which will require creation of multiple drop-down boxes as well as free text boxes. 
Dashboards or software programs to manage patient flow are usually available in most of the emergency departments in any large public hospital. These dashboards use very basic demographic patient detail, reason for arrival in hospital and what treatment or speciality input they require after initial assessment. Aim will be to enquire Information technology department whether those dashboards which are already in use can be made bespoke to manage critical care patient flow. Following steps will be taken

1. Writing a project proposal about what are the overarching aims and objectives and project completion timeline. In this case, aim is to provide right care to patients at the right time and improve rising DToC. The project proposal will be submitted to the trust informatics department. 
2. Inviting informatician and system developer on the critical care unit to experience how the patient flow is managed by nurse flow coordinator as well as consultant daily.
3. Writing a brief on technical requirements and then discussing the same with trust software developers and informaticians.Also, how it can be built in house as similar system are already working across different location within hospital.
4. Product development time horizon, cost involved, product initial and future development phases and maintenance. 

As the product functionality and non-functional requirement are not complex and many similar systems are already in use within many emergency department, aim will be to utilise the same platform to be used for critical care. If after initial technical discussion product is deemed suitable to be built in house, aim will be to make sure it is co-produced with input from end users from day one. Once the product design is completed, it will go through a phase of testing to ascertain reliability and performance and then finally it will be launched. The product will also go through future iteration as per advice from end users. Reliability and maintenance of the product will be a key feature.

DISCUSSION: -
Timely discharge from critical care is a major issue across all units in Wales which has negatively impacted over the years on individual trust as well as Welsh government health budget. There was a loss of nearly ten million pounds in the year 2017-18 (Welsh Government (2019), Task and Finish Group on Critical Care) due to delayed transfer of care as reported by Task and finish group on critical care. Apart from significant unmeasured harm, there are some directly measured harm to patients as well as the health care system in the form of increased hospital length of stay for patients as reported by Tiruvoipati R et.al (2017) and economic loss as reported by Pfeiffer U et.al (2019).

The reason for high DToC rate with current ways of working is multi-fold:
1) Hospitals are full most of the time and huge numbers of patients that are waiting to be discharged. 
2) Non-priority given to critical care step down patients as compared to any new patients waiting to be admitted from ED. 
3) Communication between critical care nurse flow coordinators and hospital flow coordinators are just around number of patients from critical care that need ward bed through email or phone. No active discussion around individual patient step down waiting times, patients who are waiting to be admitted to critical care and are currently parked in inappropriate locations, discussion and appreciation of unmeasured harm individual patients are experiencing by being in an inappropriate location, individual patients’ rehabilitation needs delayed by being in inappropriate locations. 
This has created a huge gap which can be filled with a new and bespoke digital platform. It will track total hours lost for all individual patients awaiting discharge as well as patients that are waiting to be admitted to critical care on a live basis. It will also provide holistic and complete critical care patient flow picture on any point of time which in turn will improve communication and timely decision making. 

Daily management of patient flow is a cognitive challenge for both consultants and nurse flow coordinators, and dashboards might help with unburdening some of those daily challenges as reported by Brittney D et, al (2022) and a new system which can improve patient flow as reported by Mcleod B et al; Foreman C et al and Martinez DA et al, 2002 ED Manag.

The implementation phase will be done in following stages 
1. There will be a period of trial run where nurse flow coordinators and consultants will be trained for a few weeks on new system. It will not only help to iron out any front-end user related technical challenges but also backend infrastructure issues like reliability, performance and security. 
2. Intermediate phase of two to four weeks whereby, both the physical board-based flow management as well as digital software will be run simultaneously.
3. Live day whereby daily patient management is based only on a digital platform.
4. Face to face and e-learning package around information governance and digital literacy throughout the implementation phase.

Once a system goes live, there will be multiple versions of iterations as per end user as well as updates on backend functionalities and non-functionalities. 

The digital system will be evaluated based on following metrics, it will have a feedback loop between the end users and system developers throughout its cycle.
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4. Sirvent JM, Gil M, 
Alvarez T, Martin 
S, Vila N, Colomer 
M, March E, 
Loma-Osorio P, 
Metje T.  
 
Lean techniques 
to improve the 
flow of critically ill 
patients in a 
health region with 
its epicenter in 
the intensive care 
unit of a 
reference 
hospital. 



Following are the three main 
results  
1) evaluate patients who must 
transfer for lack of beds, 
focusing on a diagnosis: pre 
10/22 vs. 3/21 post (P=.045) 
2) analysis of time delay in the 
discharge from the ICU to 
ward: 360.8±163.9minutes in 
the first period vs. 276.7±149.5 
in the second (P=.036); and  
3) personal professional 
satisfaction questionnaire, with 
6.6±1.5 points pre vs. 7.5±1.1 
in post (P=.001).  



The application of Lean 
techniques in the critically ill 
process had a positive impact on 
improving patient flow within the 
health region, noting a decrease 
of transfers outside the region 
due to lack of beds, reduced 
delayed discharge from ICU to 
conventional ward and increased 
satisfaction of ICU professionals. 



Doi: 
10.101
6/j.me
din.20
15.08.
005 



5. Tiruvoipati R, 
Botha J, Fletcher 
J, Gangopadhyay 
H, Majumdar M, 
Vij S, Paul E, 
Pilcher D;  
Australia and 
New Zealand 
Intensive Care 
Society (ANZICS) 
Clinical Trials 
Group.  
 
Intensive care 
discharge delay is 
associated with 
increased 
hospital length of 
stay: A 
multicentre 
prospective 
observational 
study. 



A total of 955/1118 patients 
discharged were included in 
the analysis. 49.9% of the 
patient's discharge was 
delayed. The most common 
reason (74%) for delay in 
discharge was non-availability 
of ward bed. The median 
duration of the delay was 24 
hours. On univariable analysis, 
the duration of hospital stay 
from the time of ICU discharge 
decision was significantly 
higher in patients who had ICU 
discharge delay (Median days-
5 vs 6; p = 0.003). After-hours 
discharge was higher in 
patients whose discharge was 
delayed (34% Vs 10%; 
p<0.001). There was no 
statistically significant 
difference in the other 
secondary outcomes analyzed. 
Multivariable analysis adjusting 
for known confounders 
revealed delayed ICU discharge 
was independently associated 
with increased hospital length 
of stay. 



Half of all ICU patients 
experienced a delay in ICU 
discharge. Delayed discharge 
was associated with increased 
hospital length of stay. 



doi: 
10.137
1/journ
al.pone
.01818
27 
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6. Brasel KJ, 
Rasmussen J, 
Cauley C, Weigelt 
JA.  
 
Reasons for 
delayed 
discharge of 
trauma patients.  



128 patients were evaluated; 
30 patients had a delay in 
discharge. The average delay 
was 2 days (range 1-15 days). 
Mean hospital stay for Delay 
patients was 13.4 days, and 8.1 
days for Timely patients (P < 
0.05). The main reason for 
delay was lack of a 
rehabilitation bed. Hospital 
costs were $39,013 per patient 
in the Delay group and $24,414 
in the Timely group. Delay 
patients were more likely to be 
uninsured, have an orthopaedic 
injury, and require ICU care. 



Discharge delays significantly 
lengthen hospital stay for 
nonmedical reasons in trauma 
patients. Improved efficiency in a 
trauma system will require 
changes from acute care to 
rehabilitation. 



Doi: 
10.100
6/jsre.
2002.6
512. 
PMID: 
12429
179 



7. Okuda N, 
Tsunano Y, 
Kohata H, 
Nakataki E, 
Itagaki T, 
Onodera M, 
Imanaka H, 
Nishimura M.  
Delayed 
discharge from 
the intensive care 
unit. 



Average time from actual 
discharge to the time the 
patient was considered eligible 
for discharge was fifteen 
hours. This study was 
retrospective. 



It is important that patients are 
discharged from the ICU to the 
general ward properly. Delayed 
discharge can delay the recovery 
and expose the patient to multi-
resistant microorganisms.  



PMID: 
25693
354. 
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TOOLS GOALS -  



SPECIFIC  1. Managing patient flow in critical care using an electronic 
software system. 



2. Reduce DToC hrs from current levels. 
3. Improve timely admission to critical care for new patients 



referred to ICU 



MEASURABLE 1. Reduce DToC rate to less than 3-5% on any day/time. Currently 
they fluctuate from anywhere from 6-13%. 



ACHIEVABLE  1. Digital solutions will improve communication and hence add 
efficiency which in turn will help in timely decision making and 
timely patient care. 



RELEVANT  1. Will help in decreasing measured and unmeasured harm for 
critical care patients.  



TIME-
SENSITIVE 



1. Launch of new patient flow management digital service from 
5/8/2022. 
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S.No. Digital system Evaluation criterion 



1. DToC percentage: A comparison of DToC rate pre and post adaptation of digital 
solutions. 
 



2. Cost effectiveness: Measurement of cost saving due to reduction in patients 
occupying critical care beds due to delayed transfer of care. 
 



3. Rate of timely admission to critical care: Time from critical care consultant 
acceptance for admission to actual physical arrival of patients on the critical care 
bed. There is no description of absolute time cut-off as per local or national 
performance metrics, but this data could be used to frame a new national cut-off 
admission time to critical care recommendation. 
 



4. Length of hospital stay: Comparison of pre and post hospital length of stay for 
individual patients. 
 



5. Capacity related diversions to other hospitals: Frequency of patients who were 
sent to other nearby hospital due to unavailability of critical care beds 
 



6. Ward Bed-assignment time: Comparison of time the patient is discharged ready 
to actual physical discharge from the critical care unit.  
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