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An overview of decision-support systems in secondary care phlebotomy services

Introduction
In secondary care inpatient settings in Wales, most pathology samples are taken by the phlebotomy department during daily ward rounds. Test requests are raised electronically, with sample labels printed by the requestor. In laboratories, test samples are processed digitally using the laboratory information management systems (LIMS). Results are reported into Welsh Clinical Portal (WCP), the electronic patient record (EPR), through interoperable message flows. 
The electronic test requesting, investigation and results process has been digitised to reduce duplication and waste in pathology testing (Jackups, Scott and Zhang, 2021) and improve access to test results (Challen et al., 2020). However, phlebotomy departments rely on paper labels and manual processes to manage daily rounds and identify patient locations. Figure 1 highlights in red the parts of the system that require manual tasks rather than digital tools.
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Figure 1: process map of “as is” secondary care inpatient phlebotomy workflow. 
This essay will explore how the development and adoption of a clinical decision support system (CDSS) may enhance phlebotomy workload management. Through a systematic literature review, it will investigate the evidence base for digital phlebotomy worklists, including the effectiveness of such tools and potential implementation challenges. It aims to provide recommendations and considerations for decision makers, product teams, software designers and developers. It concludes with a proposal on how build and implement a digital phlebotomy worklist that improves patient safety and streamlines phlebotomy round management. 

Electronic test requesting 
In NHS Wales, clinicians in primary and secondary care can request pathology tests electronically, either via Welsh Clinical Portal (WCP) or the GP test requesting system (Digital Health and Care Wales, no date b, no date a). This function is delivered through an electronic form that sits within the patient's digital record, which auto-populates with patient demographics and allows the user to select single tests or sets, and record additional relevant information, such as whether the patient is fasting. 
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Figure 2: screenshot of secondary care pathology electronic test requesting form (from test environment). 

When the user submits the request, WCP generates a label for the user to print (Figure 3). When used in secondary care inpatient settings, the user can then either:
a) Take the sample themselves and affix the label to the tube, or
b) Add the label to the phlebotomist’s tray for the phlebotomist to take the sample during their rounds. 

Secondary care phlebotomy
During ward rounds, the phlebotomist visits each ward in turn and collects request labels from the work tray. Using a bed management white board or the Patient Administration System (PAS), the phlebotomists identifies where each patient is and plans their route around the ward. For each patient, the phlebotomist must check the identity matches the request details, take a blood sample and immediately affix the label to the tube, then write the date and time on the label. 
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Figure 3: example pathology test request label (from test environment with synthetic / test patient data – no real patient identifiable data included). 

Once they have taken samples from each patient, the phlebotomist moves onto the next ward. At the end of ward rounds, the samples are sent to the laboratory, where the label barcode is scanned into LIMS, which auto-populates with the request details due to interoperability between WCP and LIMS. 
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Figure 4: user instructions from WCP for pathology sample collection and labelling. 


Rationale
Phlebotomy workload management deserves attention due to the scale of the service. It is difficult to find up-to-date information from Wales, but 2011 data states 800 million pathology tests are taken each year, costing the NHS approximately £2.5 billion (NHS Improvement, 2011), about 4% of total NHS expenditure (Lord Carter, 2006). 
Lord Carter (2006) noted, “It is generally phlebotomists who collect samples from patients in hospital, and those attending outpatient clinics”. Despite the requesting and resulting workflow having been digitised, the phlebotomy process remains paper based. The lack of digitisation raises several issues. According to Albalawi et al. (2024), "errors are caused by poor communication, inadequate training, or lack of standardised procedures that compromise patient safety". Figure 5 expands on the existing process map to show the pain points in the phlebotomy team activities. 
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Figure 5: process map of “as is” secondary care inpatient phlebotomy workflow showing pain points. 

If the clinician does not place the test label in the phlebotomist’s tray before the phlebotomist visits that ward, the patient may not be bled until a later ward round or until the following day, depending on the size of the hospital site (point 1 in Figure 5). As (Pitchforth and Lemer, 2014) note, missed samples "can lead to inefficient use of junior doctors' time, delay in decision-making and delay in the time of discharge". In some sites, the clinician may phone the phlebotomy department and ask the phlebotomist to return to the ward if the label was not in the tray when the phlebotomist attended. This results in additional workload for the phlebotomy department, as they may have to revisit wards. 
Secondly, paper labels may go missing (point 2 in Figure 5). Once the label is printed, it must be placed in the phlebotomist tray, but if that label is lost, there is no audit or log of missed samples. Lack of visible requesting information may result in duplicate testing (Chen et al., 2023) or a sample not being taken, which can delay diagnosis or discharge (Morrison et al., 2011; Pitchforth and Lemer, 2014; Saunsbury and Howarth, 2016).
The phlebotomist attends one ward at a time and does not have advanced visibility of requests on each ward (Le et al., 2020) (point 3 on Figure 5). They may not become aware of an urgent test request or busier than usual ward until they arrive. The phlebotomy department cannot appropriately plan and prioritise their ward rounds – one phlebotomist may be stuck on a busy ward whilst another is finished elsewhere, and colleagues cannot see where help is needed. This can also result delays for samples getting to the laboratory and urgent results being processed. 
The current workflow in inpatient settings relies on quality and accurate information in the bed management or PAS (point 4 in Figure 5). If the patient is moved or discharged and the system is not updated, the phlebotomist may waste time searching for the patient (Huang, 2014). Similarly, if the patient is away from their bed at the time of the ward round, the sample will not be taken, and the phlebotomist may waste time looking for them. Furthermore, the phlebotomy team may need to return to these wards later in the day to take samples from patients not available during ward rounds, further wasting phlebotomy resources. 
Finally, lack of interoperability between sample collection and the laboratory means information cannot be shared between the two teams (point 4 in Figure 5). If there is an issue with sample collection or patient circumstances that may be relevant to the laboratory, the phlebotomist must manually communicate that via phone or paper. This may result in information key to diagnosis not being shared. 

Clinical decision support systems
Sutton et al. (2020) state that clinical decision support systems (CDSS) are "intended to improve healthcare delivery by enhancing medical decisions with targeted clinical knowledge, patient information and other health information". They tend to combine clinical knowledge with computerised knowledge, to support prioritisation, resource management or diagnosis (Sutton et al., 2020), improve patient outcomes and reduce costs (Chen et al., 2023). The effectiveness of CDSS is impacted by the quality of the information used to build the system, the quality of the user interface (how the information or advice is presented to the user) and the behaviour of the user (Medlock et al., 2016). 
CDSS vary in complexity, from AI-based systems that provide prescribing or diagnostic support, to natural language processing tools to ease administrative tasks, to wearables that support patient self-care through monitoring and alerts (Weiner and Biondich, 2006; Chen et al., 2023; Jung et al., 2025). This essay will explore the use of CDSS to support workload management, workflows and information availability. 

Research question
Based on the context and rationale, this systematic review will seek out recommendations based on a literature search to ask the following questions:
· What are the advantages of adopting CDSS in secondary care inpatient phlebotomy departments?
· What are the considerations and challenges for designing and implementing CDSS in secondary care inpatient phlebotomy departments?



Evidence review
Source selection
The databases used for the article search were PubMed and Google Scholar. A search of grey literature was undertaken, including the NHS and NHS Wales websites and the Kings Fund, but no relevant materials were identified. 
The databases selected utilise different search logic, so different search strings were used. The searches were conducted on 31/01/2026. 
In PubMed, the following search string was used:
· ((phlebotomy) AND (decision support)) OR ((phlebotomy workflow) AND (decision support)) OR ((worklist) OR (workflow)) AND ((phlebotomy) OR (phlebotomist))
In Google Scholar, the following search criteria was used:
· "phlebotomy" AND "Decision support" AND "workflow"
· exclude citations.
Database searches resulted in 932 results to be screened. With duplicates removed, 925 were screened. Of these, 887 items were excluded based on the title or abstract. 38 articles were then sought for retrieval, but 8 could not be retrieved. Then, 30 articles were assessed for eligibility, and 25 were excluded. A total of 5 articles were therefore included in the review. Figure 6 is the PRISMA flowchart identifying relevant sources. 

Exclusion criteria
The most common reason for exclusion was that articles addressed alternative elements of the pathology process. Table 1 shows the number of articles that did not focus on the phlebotomy flow. 

Table 1: justification for articles excluded because they were not relevant to the phlebotomy service. 
	Stage in pathology process
	Number of articles

	Test requesting
	8

	Labelling / patient identification
	1

	Result sign off
	1

	Laboratory service
	2

	Total
	12
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Figure 6: PRISMA flowchart showing source selection process.

Although these sources reflect the breadth and multidisciplinary nature of pathology services, and some included CDSS, they either focused on the clinician activities such as requesting and result sign off, or laboratory investigation. 
Six articles did focus on the phlebotomy service, but in different settings: four explored outpatient phlebotomy clinics, one was an emergency department, and one was about primary care phlebotomy. Careful consideration was given to whether these cases were an analogous evidence base for inpatient secondary care phlebotomy. However, these studies focused on improving the patient experience and managing waiting times by introducing patient ticketing / sign-in systems (Yun et al., 2016; Le et al., 2020), or adjusting resource (Huang and Klassen, 2016). Thus, it was judged they could not be applied to secondary care inpatient settings, where the phlebotomist comes to the patient, rather than the patient coming to the phlebotomist. 
One article, although not explicitly a duplicate, used the same data set as another. This paper therefore elected to include the version published in Quality Management Journal in (2016) rather than the author’s dissertation (Huang, 2014). 
Two of the articles explored how workforce planning and resource allocation could enhance the phlebotomy service (Morrison et al., 2011; Prabhune et al., 2025), but there was no discussion of workflow or process changes or clinical decision support tooling. 
Two articles are excluded because they are literature reviews rather than research into the application of phlebotomy CDSS. 
Of the remaining articles excluded, one was practical guidance for laboratory staff, and another was a systematic review of clinical decision support tools with no focus on pathology or phlebotomy services. 

Critical appraisal 
To assess the quality of the studies included in this review, a custom tool was created for the critical appraisal. A custom tool was necessary as the papers varied in aim, structure and output. 
The appraisal tool captured the year and location it was written and whether methodology was described, including the type of study, whether setting and sample size were documented, and whether the method of data analysis was described. It then recorded whether the study aims were outlined, and what findings the paper reported. Finally, the table was used to note any limitations of the study. A summary table (Table 2) is included to show the grading of each paper. The final column summarises the findings from each paper, to be expanded upon in Advantages of phlebotomy CDSS.
Only two of the papers explicitly addressed the introduction of digital CDSSs to enhance phlebotomy services, suggesting that the field of CDSS in phlebotomy workload management is limited. Both explore the adoption of a digital support tool covering all phases of the pathology process, from request to result.
Loh et al. (2011) utilised a mixed methods approach in two outpatient clinics in Singapore using a time and motion study alongside observations to assess errors in sample collection prior to and following implementation. Compared against baseline data, Loh et al. (2011) found CDSS reduced redundant specimens by 90%. In addition, there was a reduction in unlabelled specimens (52%), insufficient sample collection (50%), wrong specimen type (44%) and samples not received (20%). The total time to complete reception of a sample reduced from 39 minutes to 24 minutes. However, there was a 30% increase in mislabelled samples, which observations identified as being due to "reluctant physicians… using manual forms instead of the novel software".
Rather than evidence-based data analysis, Petrides et al. (2017) offer recommendations for implementation, including process mapping, tailoring training to existing workflows and creating standardised test and label sets. They describe the importance of appropriate reporting and iterating to get the right reports from the CDSS. Though they do not describe the data collection or analysis method, they state, "patient satisfaction improved” and "the majority of paper requisitions have been eliminated leading to a significant decrease in turnaround time" (Petrides et al., 2017). 

Table 2: summarised grading for studies included, based on a scale of Very Good, Good, Satisfactory or Poor. 
	Study
	Study design
	Digital CDSS included?
	Findings

	Le et al. (2014)	Very good
	Poor
	Patient safety – reduced errors. 
Improved clinical workflow – standards and safety. 
Improved staff satisfaction. 

	Loh et al. (2011)	Very good
	Very good
	Patient safety - reduced errors. 
Clinical workflow – increased speed of testing.
Audit – visibility of test; location of patient. 

	Petrides et al. (2017)	Poor
	Good
	Improved patient satisfaction. 

	Pitchforth and Lemer (2014)	Poor
	Satisfactory
	Patient safety – reduced missed sample collection.
Cost savings. 

	Saunsbury and Howarth (2016)	Satisfactory
	Good
	Patient safety – reduced missed sample collection.


 
In isolation, neither of these papers provides a complete picture of the advantages and challenges of adopting CDSS for phlebotomy departments. Having been written pre-2020, these studies may not reflect the current organisational and cultural pressures of post-pandemic healthcare. Loh et al. (2011) provides an evidence-base, albeit small, for how CDSS reduce errors, whilst Petrides et al. (2017) extrapolates on lessons learned in a real clinical setting to highlight key challenges in onboarding digital CDSS for phlebotomy. 
In their study into the adoption of a “phlebotomy box” in a large hospital in Bath, UK, Saunsbury and Howarth (2016) delivered 100% handover between phlebotomists and clinicians across shifts to improve communication about missed sample collection. Saunsbury and Howarth (2016) initiated a Plan-Do-Study-Act (PDSA) approach to engage multi-disciplinary teams, surveying and process mapping with junior doctors and phlebotomists. Unfortunately, the CDSS in this study was not digital; instead, a brightly coloured box file was introduced to standardise and streamline communication. 
The pilot was run on a single ward, and the authors recognised the difficulty of adoption when they implemented in other wards. Therefore, the study recommends further process mapping and user education and suggests aligning implementation with junior doctor rotations to avoid retraining mid-cohort (Saunsbury and Howarth, 2016). However, the pilot size and low survey responses (31 junior doctors; 8 phlebotomists) suggest these findings may not be scalable. 
Pitchforth and Lemer (2014) also used PDSA to address missed sample collection. Each PDSA cycle built upon the previous, culminating in the use of a phlebotomy worklist from the EPR and training a nurse champion in each ward to enhance patient preparedness. Like Saunsbury and Howarth (2016), Pitchforth and Lemer (2014) suggest that process mapping with the whole multi-disciplinary team is essential to "understanding what people actually did as well as eliciting assumptions made about how others work". This resulted in an increase from 27% notification of missed collection 71%. This outcome is only marginally digitally enabled, relying on a print-out from the EPR rather than a custom digital system for phlebotomy. The sample size is unknown; therefore, scalability is immeasurable. 
Where Pitchforth and Lemer (2014) excel in comparison to other studies is in their attempt to include financial benefits. They estimate, “if one unsuccessful blood test reported earlier resulted in one less day as a hospital inpatient and saved 1 hour of a junior doctor's time chasing blood results then a potential cost saving of £530 could be made” (Pitchforth and Lemer, 2014). However, they note, these savings are “speculative” and require further analysis. 
Elsewhere, Le et al. (2014) used three multi-disciplinary team Kaizen events focused on supply management, communication and sample collection standardisation. They introduced improvements to organising supplies, team leaders to monitor and allocate resources, and safety check sheets. The phlebotomy team began to plan ward rounds based on patient location. The result was increased pace of sample collection and decreased rate of errors. Staff reported feeling empowered by their involvement in the Lean Six Sigma process improvement, and feeling like safety had improved through standardisation of activities. 
The setting being a “large academic medical hospital” with 50 inpatient units (Le et al., 2014) suggests outcomes could be replicated in other sites. However, this paper did not introduce digital CDSS. In fact, it recognised the ambitious target for number of errors per 1000 draws was not met “due to the current lack of order communication information systems and use of paper requisitions” (Le et al., 2014). The setting is the same as Petrides et al. (2017), so one could conclude a digital CDSS was later adopted at this hospital. 
The use of Lean methodologies provides a clear evidence-base for recommendations. Le et al. (2014) use p-charts to demonstrate pre- and post-implementation pace of collection and errors. The graphs indicate the points at which Kaizen events occurred and impact of each intervention. However, the sample size is unknown – it is unclear whether a ward or the whole hospital was sampled and how qualitative feedback from the staff was collected, so the outcomes must be drawn on with caution. 


[bookmark: _Ref221786008]Advantages of phlebotomy CDSS
The literature suggests patient safety improved through the adoption of CDSS. Loh et al. (2011) describe the digital phlebotomy tool as an "“electronic line-of sight” of the laboratory loop from order to result" and provide qualitative data to show CDSS improving the visibility, accuracy and pace of sample collection. The reduction of errors and increased speed ensure results are made available more quickly to support diagnosis and patient discharge. 
In the settings where CDSS was not adopted, there was evidence that interventions in phlebotomy handover increased visibility of missed sample collection (Pitchforth and Lemer, 2014; Saunsbury and Howarth, 2016). It is possible to imagine that digital CDSS could further enhance visibility of missed collections or patient locations by providing real-time data; in fact, Saunsbury and Howarth (2016) suggest “designing an electronic system… thus removing the need for a physical handover point”. However, further research is needed to provide an evidence base for this assumption. 
Middleton, Sittig and Wright (2016) highlight the need for CDSS to “fit into the user’s workflow”, and the literature reviewed here provides strong support for process mapping (Pitchforth and Lemer, 2014; Saunsbury and Howarth, 2016; Petrides et al., 2017). Le et al. (2014) highlight how staff felt involvement in designing interventions was “empowering them to create change”; but also, the changes provided a “new standardised blood draw processes” that was safer and reduced errors. The interventions also “redistribute[ed] workflow between phlebotomists allow[ing] for more timely and effective rounding” (Le et al., 2014). This implies digital CDSS could enhance clinical workflow management by making requests more visible and therefore improving planning and reporting on the phlebotomy workload. 
However, the literature reviewed demonstrates gaps in the evidence base. Petrides et al. (2017) state, “patient satisfaction improved and we met our goal of 90% of patients waiting less than 10 min for their blood draw in the ambulatory setting”. As aforementioned, Petrides et al. (2017) fail to describe their study design or methodology, so it is not possible to assess the foundations of this conclusion. Furthermore, Petrides et al. state their patient satisfaction information is from an “ambulatory setting”, not an inpatient ward, so this may not be transferable. No other paper provides explicit evidence of the impact on patient satisfaction. 
None of the papers reviewed provide research on how CDSS can improve admin functions, such as auto-population of patient demographics or improving legibility and completion of mandatory fields, included those needed for regulatory compliance. The two digital CDSSs implemented enabled the phlebotomist to scan an RFID to identify the correct patient (Loh et al., 2011; Petrides et al., 2017), but did not research whether that provided any benefit to patient safety or workflow. It is argued that CDSS can improve compliance with regulations and standards (Chen et al., 2023), and Petrides et al. (2017) recommend creating appropriate test sets and specialists orders when adopting CDSS to improve workflow and reduce waste or duplication; but Albalawi et al. (2024) have noted that keeping up with statutory guidance and regulations is one of the challenges of CDSS in laboratory workflows, and Esho et al. (2025) have noted CDSS success is impacted by poor adherence to clinical guidelines. Unfortunately, there lacks an evidence base for understanding if digital tools can improve these issues in phlebotomy services. 
What is also missing is evidence of the financial impact of CDSS in phlebotomy. Although Pitchforth and Lemer (2014) provide “speculative” costs, the “lack of standardised accounting methodology” (Esho et al., 2025) across CDSS research makes it difficult to derive fiscal benefits. 


Recommendation
Despite the limited evidence base for phlebotomy CDSS, this essay argues there is a foundation for developing a phlebotomy application in secondary care inpatient settings, with the potential to adapt and expand into other settings. 
The first development would be at the point of request. Instead of the clinician completing the request form and printing the label, they could use a tick box in WCP to indicate the sample is being taken by the phlebotomist. The request information must be captured in a standardised messing format such as FHIR and sent onto the phlebotomist’s digital worklist. The worklist could be filterable or searchable by patient location, urgency or patient ID. 
This solution could allow phlebotomists to understand demand before starting rounds, therefore enabling better planning. It might provide visibility of urgent or missed sample collection. It may ensure all the data required for a test request is captured and audited from request to result and enable clinicians to see the status of a request, thereby reducing duplication of requests and awareness of pending results. 
At the bedside, the phlebotomists could use RFID to scan the patient barcode, ensuring the correct patient is being bled. They would then print the label using a portable printer. This might reduce the risk of labels going missing or samples being mislabelled. 
The phlebotomy application could include “the type of container (with intuitive pictorial representation of cap colour for blood tubes), number of tubes required, sequence of draw, transport condition and special instruction of the tests to allow effective collection process", like the application implemented by Loh et al. (2011). This could reduce errors when bleeding, ensuring the right volume is collected and phlebotomists are compliant with collection and tube regulations. 
If the patient is absent or sample cannot be taken, the phlebotomist can record this on the application. The request would remain on the phlebotomist’s worklist, reducing missed collection. The application could send a message to WCP, providing a status update so the requestor is kept updated. 
When the sample is taken, the date and time of collection can be captured by the phlebotomy application, ensuring more accurate information. Any clinical notes taken by the phlebotomist, and the date and time of collection, can be sent via integration to LIMS. LIMS will then feed the result to WCP when authorised. 
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Figure 7: proposed workflow using phlebotomy CDSS. 


Challenges and considerations
Despite the limited benefits evidenced in the literature, the papers reviewed provide a foundation for identifying and addressing the challenges of implementing CDSS in phlebotomy services. 
Firstly, mitigating the impact on users is well-researched. CDSS must “anticipate user needs” (Middleton, Sittig and Wright, 2016) rather than impede workflows. Petrides et al. (2017) highlight the importance of cross-team collaboration and understanding non-digital workflows before introducing technology. This can be facilitated using methodologies such as PDSA, Lean and Kaizen (Pitchforth and Lemer, 2014; Le et al., 2020), which bring the users into the iterative design and development of solutions. 
Where impact on workflows is identified, appropriate processes must be established. For example, digital devices rely on batteries, which require users to charge them. Le et al. (2014) used the ‘5Ss’ on phlebotomy carts – introducing inventory management, standardising layout, and removing 25kg of “expired items”. A similar approach could help phlebotomy teams formulate new workflows to ensure devices are suitably stored and managed.  
Middleton, Sittig and Wright (2016) note the need to consider the “computer literacy of the end-user”. The design of a phlebotomy application must mitigate against the potential for user workarounds or skill regression – as Loh et al. (2011) notes, “reluctant physicians… using manual forms” increased mislabelled specimens. Although not reflected in the literature reviewed, it’s widely accepted that poor digital design results in less time with patients (Weiner and Biondich, 2006). But tailored training can support users to build and maintain the skills required to use CDSS (Petrides et al., 2017). 
It has been stated that the literature reviewed provided limited evidence of financial benefits. It also did not address the financial costs of implementing CDSS. Esho et al. (2025) notes, "indirect costs are often overlooked, further complicating the assessment of financial outcomes". Indirect costs include the purchase and maintenance of devices and ongoing enhancement of the software. If clinical guidelines change, then software development maybe required. To address this, Petrides et al. (2017) recommend allocating appropriate resources – both human and fiscal: "Institutions should be aware that stabilization and optimization resources will be required to maintain a safe and efficient [tools]." Digital transformation is often treated as a time-limited project, but a product approach (ADAPT Methodology, 2024) would support the ongoing lifecycle of CDSS.  
None of the papers explored issues around data storage. Middleton, Sittig and Wright (2016) recognise the potential for “massive data streams” resulting from CDSS. What the evidence fails to explore is the security and cost implications of collecting and sharing data. Cloud storage is increasingly becoming more feasible and cost effective than on-premises storage (Sutton et al., 2020), but there is little research into the cost or security implications for CDSS. Similarly, the use of digital devices on wards relies on password management and locking devices. Ongoing user training must be utilised to mitigate against inappropriate access. 
Data quality is another under researched area of phlebotomy CDSS. Through PDSA,  Pitchforth and Lemer (2014) conclude a patient list from the EPR can help communication between phlebotomists and clinicians. However, print-outs are only accurate at the time of printing, and rely on accurate upstream data. If the patient location has changed and PAS isn’t updated, problems of locating the patient persist. The solution this essay recommends aims to provide real time access to information, and improve data accuracy and legibility, capturing the request details using mandatory fields and standardised messaging. Van de Velde et al. (2018) note the importance of sufficient, structured, quality patient data for successful CDSS. But in the field of phlebotomy, there was no evidence on whether CDSS improves data accuracy. 
Finally, no phlebotomy application can function without interoperability to upstream and downstream systems. As the proposed solution describes, the phlebotomy application sits between WCP and LIMS, receiving information from the former and sending information to the latter. It may share data with PAS for bed management. A sustainable support model must be built to mitigate against operational risks. None of the papers reviewed explored interoperability, but it is a key consideration and benefit of CDSS (Middleton, Sittig and Wright, 2016; Chen et al., 2023). Understanding interoperability requirements of a phlebotomy application requires careful workflow mapping, including exploration of wider hospital process such as “diagnostic pathways, bed management, discharge letters and pharmacy” (NHS Improvement, 2021). 











Conclusion
This essay reflects the limited evidence base for phlebotomy CDSS. Although the literature indicates a need for improving phlebotomy processes, there are few examples of digital CDSS in practice. 
The research used in this paper spans the UK, USA and Singapore, demonstrating universal themes and challenges facing phlebotomy services. However, much of it dates from the 2010s, and therefore may not reflect the current post-pandemic state of NHS services, where the difficulty of digital transformation has been exacerbated by reduced budgets and stretched workforces. Nevertheless, the author chose to include these papers due to the limited scope of evidence.
Another limitation of this paper is its focus on phlebotomy services in inpatient settings, as it was deemed difficult to transfer evidence from outpatient, emergency or primary care; even within inpatient settings the heterogeneity of research makes extrapolation and scalability difficult. However, the PRISMA chart (Figure 6) shows research into other settings exists. A future study could explore how CDSS in radiology vetting or theatre management impact information sharing and workload management. Furthermore, engagement with clinical teams involved in the phlebotomy process in different settings will support the development of a flexible, adaptable tool that meets user needs in all clinical settings (Petrides et al., 2017). 
However, to counter those critiques, it could be argued that this paper provides clear picture of the current, albeit limited, landscape for phlebotomy CDSS and brings together these research fields to build a recommendation for the development of a phlebotomy application to manage workload, enhance information sharing, and provide visibility of sample collection. 
As this constitutes brand new technology not yet tested in the UK, extensive mapping, iterating and testing is necessary. Understanding the existing workflow will identify pain points and requirements, including clinical guidelines. The existing workflow may not be perfect so processes could be adapted or created with input from clinicians. User centred design can ensure the application is safe, intuitive and usable (Chen et al., 2023; Jung et al., 2025), and Cloud storage can provide flexible, open architecture with cyber security (Sutton et al., 2020). 
Chen et al. (2023) recommend piloting CDSS – starting in a small setting, evaluating the pilot, refining the system and building iteratively. Lean Six Sigma tools such as Kaizen and PSDA can support services to identify appropriate starting points and process map with stakeholders to recognise variation across locations and adapt the solution accordingly. This essay focused on inpatient phlebotomy services, but once the phlebotomy application is fit for purpose, further process mapping and iterative development could enhance the CDSS to support more complex settings such as emergency departments, community healthcare and primary care. 
Piloting new software facilitates ongoing evaluation, in which the digital transformation team plan periodical evaluation points before, during and after implementation to assess user experience, effectiveness, safety and efficiency. This helps identify user-created workarounds, device issues, problems with data standards or security, or changes in guidelines and workflow. Foley, Horwitz and Zahran (2021) highlight the importance of evaluation in the learning health system cycle to ensure continuous improvement. Feedback could be captured by observations in the clinical setting or surveys completed by clinicians and patients. A feedback tool could be built into the phlebotomy application, so users can raise issues at the point they occur and support teams can tackle them quickly with real-time data from the CDSS. 
Organisations must be prepared for the financial implications of CDSS (Petrides et al., 2017; Esho et al., 2025). There are initial set up costs to consider, such as purchasing devices and delivering training. Then, continuous improvement depends on ongoing operational support, business analysis, user interaction design and software development. CDSS cannot be seen as a “one and done” solution. Instead, software requires maintenance and enhancement by a suitably funded product team. 
In summary, this essay recommends expansion in the field of research of phlebotomy CDSS through the design, development and pilot of a phlebotomy worklist application. Stakeholder engagement in process mapping, data standardisation and solution design is essential, plus exploration of modern technologies including FHIR for messaging and Cloud storage and security. The adopting organisation should budget and plan for continuous improvement through evaluation and iterative enhancement, facilitated by user feedback. Moving away from time- and budget-limited project methodology to a product approach will support the sustainability and development of the phlebotomy application as it builds upon foundations in inpatient secondary care across other healthcare environments. 
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