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[bookmark: _heading=h.1fob9te]1. Abstract
 Executive summary

[bookmark: _heading=h.c8jv4qnxvkpj]2. Introduction 

A. [bookmark: _heading=h.upf13z15ysqt]Introduction

[bookmark: _heading=h.gjdgxs][bookmark: _Hlk156929478]     Blood sampling for in vitro diagnostic tests (IVDTs) is a key element of patient care in emergency medical systems. Between 60% and 70% of patients attending European emergency departments have at least one laboratory test during their hospital episode [1]. In clinical settings, over 50% of medical decisions in emergency settings are based on one or more IVDTs [2].
     Emergency medicine is a primary specialty established using the knowledge and skills required for the prevention, diagnosis and management of urgent and emergency aspects of illness and injury, affecting patients of all age groups with a full spectrum of undifferentiated physical and behavioural disorders [3,4], and as such is dedicated to the assessment, diagnosis and first treatment of acute illness or injury. Emergency nursing is the care of individuals of all ages with perceived or actual physical or emotional alterations of health that are undiagnosed or require further interventions and as such are episodic, primary and usually acute [4]. In Europe, the majority of out-of-hospital emergency medical services (EMS) personnel in the first response to an emergency situation are paramedics or emergency medical technicians (EMTs) [5]. Emergency care by these professionals encompasses in-hospital as well as out-of-hospital care, triage, resuscitation, initial assessment, telemedicine and the management of undifferentiated urgent and emergency patients until discharge or transfer to the care of another healthcare professional [3]. In hospitals, timely diagnosis and treatment is reliant on many medical and paramedical professionals, including phlebotomists and laboratory medical professionals (laboratory technicians, biochemical analysts, laboratory physicians, pathologists) who are responsible for quickly processing patient samples and accurately measuring the quantitative or qualitative presence or absence of different parameters. By definition, laboratory medicine is at the heart of modern healthcare, and plays a vital role in screening for disease, diagnosis, risk assessment, treatment selection, monitoring of therapy, prognosis and other aspects of clinical decision-making. It is thus central to effective patient care.
The development of out-of-hospital emergency services (EMS) preceded some aspects of critical care, thus expanding and providing higher levels of acute clinical care, while remaining closely integrated with hospital emergency departments (EDs) [5]. Clinical management in the EMS setting, as well as in hospitals, requires reliable information obtained from the patient and their clinical history, as well as complementary information from clinical signs, imaging studies, and laboratory test results. 
[bookmark: _Hlk156929641]When considering laboratory testing, it is useful to think of all aspects of the total testing process (TTP). An important part of the TTP – the preanalytical phase process (PPP) – covers all typically manually-intensive activities prior to laboratory analysis (e.g., blood collection, sample transportation, sample preparation). The relevance of the PPP is supported by evidence that close to 70% of all erroneous laboratory values are caused by mistakes within the PPP, potentially resulting in misdiagnosis or inappropriate clinical treatment [6]. When test results cannot be reported by the laboratory due inadequate samples or other errors in the PPP, there may be a need for repeat phlebotomy, causing diagnostic delays. On the other hand, the interaction between the clinical process of care and the subprocess of blood sampling requires analysis and recommendations, based on evidence, focusing on quality, timely results and patient preferences [7].
The practice of emergency care focuses on rapid identification of serious conditions, stabilisation of patients, and an accurate diagnosis. Patient stratification according to the severity of the condition reduces the risk of an undesirable outcome, and leads to appropriate clinical care. In this complex environment the time spent prior to a clinical decision being made is crucial, and significantly associated with patient outcomes across an array of time-sensitive clinical conditions [8-10]. IVDTs, along with other diagnostic information, form the basis of clinical decision-making [11]. In order to integrate this information effectively into clinical pathways and to allow for rapid clinical decision-making, IVDTs should yield reliable and timely results, based on predefined turnaround time (TATs) that are as short as possible [7].  One strategy for reducing TATs has been the development of point of care testing (POCT) within the ED, which avoids the time-consuming transportation of blood samples to the laboratory. However, as with testing within the laboratory, POCT requires strict quality control, either managed by the laboratory personnel or the ED team.
While many medical emergencies require fast and reliable clinical information of which laboratory values are particularly crucial, the working environment within emergency care is characterised by high stress, caused by the multitude of tasks to be completed and the need for timely decisions leading to appropriate action. The impact of diagnostic errors on clinical management is particularly significant in critical care areas such as the ED [12]. To avoid mistakes and maintain the highest possible standards in the emergency care process, standardisation and active quality management are key elements [13, 14]. Numerous key performance indicators (KPIs) have been established to quality-control the testing phase in the laboratory, and these are strictly supervised by the laboratory team to guarantee valid laboratory values [15]. Regarding the PPP, standard operating procedures (SOPs) and KPIs can also help to reduce the number of erroneous laboratory test results, though this process is less well supervised compared to the laboratory testing itself. In addition, SOPs can help to reduce the risk of accidental contamination with biological materials [16] which is more likely to occur with ED personnel, compared to other hospital staff. This risk has been recognised as one of the peculiarities of the ED and is another argument for a specific approach to the PPP in the emergency setting.
Safety in the clinical process is based on the use of standardised evidence-based processes. Clinical guidelines provide systematically developed statements and tools for making patient care more consistent and efficient across the healthcare delivery system. Although clinical guidelines are not the only tool to improve the quality of patient care, they are particularly useful where practitioners are unclear about appropriate best practice and when scientific evidence can provide an answer [17].
A recent survey, issued by this working group and focusing on the ED PPP across European countries, demonstrated variability in practice and quality control measures regarding these process steps, emphasising the importance of an interdisciplinary approach whereby clinicians and laboratory professionals jointly describe and evaluate the process for safety and quality [1].

[bookmark: _heading=h.icrt47n68klz]b. Guideline Purpose

The general purpose of this document is to provide recommendations about the PPP in the ED in the European context.

i. [bookmark: _heading=h.gwyqssht6uxu]Target audience
1. The document is specifically targeted at emergency medicine-related professionals involved in the blood sampling process (e.g. physicians, nurses, phlebotomists working in the ED), as well as laboratory physicians and other related professionals.
2. The recommendations are also targeted at the professionals in charge of the patient care process in the ED.
3. The document is also relevant to professionals responsible for managing the organisation, and for designing optimised care processes and managing their quality control.
ii. [bookmark: _heading=h.hywf0u9tjebf]Target population
1. Recommendations have been limited to adult patients in which a venous blood test is requested in the process of clinical care during ED management.
2. Venous blood sampling is the objective of the guideline. As a result, the sampling of other specimens has been excluded.
3. Venous blood sampling for microbiological studies (blood cultures) has been included.
4. Venous samples drawn from central venous catheters or other central intravenous permanent devices (e.g. PICC, Hickman catheters, or portcaths) are not discussed in this document.
iii. [bookmark: _heading=h.xbqp1dx5nm4]Added value of the document
[bookmark: _Hlk156929901]International recommendations and guidelines focusing on the PPP have been produced by various organisations. In 2010, the World Health Organization (WHO)[]18 published an evidence-based document focusing on blood sampling covering all aspects of the preanalytical phase with three main focuses: patient security, provider security and quality of the process. The European Federation of Clinical Chemistry and Laboratory Medicine (EFLM) has dedicated substantial resources to the topic through its Preanalytical Working Group, which has contributed a number of publications, including several surveys [19] covering the status of the PPP at the European level, as well as a consensus guideline on venous blood collection [20].
European national societies have provided local guidelines relating to the blood sampling process [21] highlighting the need for quality control, standardisation training and adaptation to local factors.
This document, which takes a multidisciplinary and multiprofessional approach that is based on previously reported recommendations, aims to enhance the quality and efficiency of the PPP in a specific setting: the ED.

[bookmark: _heading=h.qtjet4bujq8]c. Healthcare burden

[bookmark: _Hlk156929986]Emergency medical systems are a crucial part of healthcare systems. Despite the existence of organisational and/or structural differences across European countries, they share a common process of care. Patients receiving care via these services have a wide spectrum of medical or surgical conditions with different levels of severity, in which the general approach is to triage, carry out rapid identification of the vital risks and establish the needs of care, including management to obtain the stabilisation of the most severe patients. In this context, the evaluation of patients using diagnostic tests is fundamental. Obtaining fast and accurate laboratory test results is of paramount importance [7].
The number of patients receiving care in these systems varies substantially across European countries. The median figure is 500 annual ED visits per 1,000 inhabitants. Most are discharged after evaluation and treatment, with 10–20% admitted to hospital wards after appropriate vital stabilisation. The estimated number of patients who will undergo blood sampling for one or more laboratory tests is close to 60% [11] highlighting the relevance of this diagnostic procedure. 
The preanalytical phase is a critical stage of the IVDT, in which the majority of errors within the TTP takes place [6].
Harmonising both the procedures and the quality evaluation of the preanalytical phase has been a constant preoccupation of the EFLM through its working group and multiple publications [15, 22, 23]. The benefits of this approach in terms of quality of medical care and patient safety are accepted by EuSEN and EUSEM as clinical associates of this process of care.

[bookmark: _heading=h.3cnsz8tlxnsf]d. Methodology

The development of these blood sampling guidelines for the ED setting is based on the collaboration of three European scientific societies that have a role to play in the PPP: EuSEN, EFLM, and EUSEM. The guideline aims to summarise the current literature on the PPP in order to provide evidence-based recommendations and set out the highest quality standards based on a clear, transparent and exhaustive procedure. The Grading of Recommendations, Assessment, Development and Evaluations (GRADE) methodology encompasses all these objectives, and the grading of the recommendations provides an adequate system for the emergency medicine environment [24].
a. [bookmark: _heading=h.ijzbr5qwurtd]Methodology
[bookmark: _Hlk156930087]The panel working group (PWG) involved in the development of the current guidelines was composed of members of three societies: EuSEN, EFLM and EUSEM. A parallel external review group (ERG), based on the same multiprofessional criteria, was created to carry out an external review of the first draft of the guidelines. Patient representatives from two international patient’s organisations were also included in the external review process in order to improve the patients’ values incorporated in the recommendation strength [25]. None of the contributors to the PWG or ERG declared any conflicts of interest. (See Annex  sectionAnnex section g (COI)).

b. [bookmark: _heading=h.lt1g9togrz56]General methodology
GRADE methodology [26] was selected for the development of the guidelines based in the following steps:
1. Objectives of the guidelines and their anticipated setting.
2. Constitution of the working groups 
3. Selection of questions to include in the guidelines, based on PICO methodology
4. Structured search of the literature
5. Appraisal of the literature
6. Elaboration of the recommendations 
7. External review of the guidelines
8. Development of final guidelines document 
9. Dissemination

c. [bookmark: _heading=h.e4wwmoecgmfk]Guideline questions
The selection of the questions of interest was elaborated by the PWG based on the PICO (Population, Intervention, Comparison, Outcome) methodology [27], following an online session to review the methodology. The list of questions that were initially proposed is included in section B of the annex. Following group discussion, an aggregation of this initial list of 44 questions was carried out and the most relevant questions were selected. Questions were then graded based on the relevance of their outcomes following the PWG agreement. The final list of 18 questions is detailed in section C. Following a literature search, question 11 was excluded and questions 10 and 15 were merged, leaving a final list of 16 questions which are reported and discussed in this document.

d. [bookmark: _heading=h.7r5vm5qkj5jd]Structured search of the literature
A structured literature search was carried out using the following databases: Cochrane Library, Embase (Excerpta Medica database) and Medline, using PubMed as the search engine. The keywords and mesh for each PICO are listed as additional online information. The search period was from 2017 to 2022.

e. [bookmark: _heading=h.j0b0jda15t74]Appraisal of the literature
The selection of the studies in the systematic reviews was made using the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram, per PICO question, and the results included in the annex [28]. 
The four levels from the GRADE methodology were used for the evaluation of the evidence quality: high, moderate, low, and very low [29]. The basic methodology is shown in the annex, section D. 
The quality of the evidence for each question’s critical outcomes (across studies) is shown in the summary of findings (SoF) tables, collected as additional online information for each PICO question. The selected studies were evaluated in parallel using the Newcastle Ottawa Scale (NOS) for non-randomised cohort studies [30], and the Cochrane checklist for randomised clinical trials [31].
f. [bookmark: _heading=h.pzssn6qjyqs7]Recommendations
[bookmark: _Hlk156931456]The recommendations were elaborated by the PWG following the GRADE methodology [29, 32] with the final decision to agree or reject the proposed alternative, and rank the strength of this decision as a strong or weak recommendation, based on the following domains: quality of the evidence; balance between benefits and harms; patient values; resource use (feasibility), and impact on the health system, equity, and acceptability. Detailed concepts collected in section e [33].
This process was carried out independently by all the PWG members, divided into four working groups, based on the previously elaborated summary of findings tables (SoFTs) and the evidence to recommendation (EtR) tables (framework included in the annex, section f). The final recommendation was established after consensus was reached among the group members. Any conflict in the level of recommendations was solved following debate first at the group level, and thereafter among the PWG. If no consensus was reached, this was reported in the final document.
In summary, the elements used to determine the strength of the recommendations were as follows [24].    
· Quality of the evidence
· Benefits and harms of the intervention
· Patient or user values
· System estimation of the intervention
· Equity
· Feasibility
· Resources needed 
· Cost
· Stakeholder acceptance
[bookmark: _heading=h.30j0zll]To facilitate and standardise the process, standardised EtR tables were used by the PWG members for each question and outcome.
The recommendations are based on studies included in these summary tables, which are available in the online data supplement. Additional studies may have been referenced in the narrative part, but the recommendations were based entirely on studies in the SoFTs.
In cases without sufficient evidence but high relevance for the PPP, the WG developed recommendations based on the existing literature and clinical experience after consensus discussion. 
In circumstances in which not enough quality evidence existed, but a reasonable benefit was deduced from selected references, recommendations were classified as good clinical practice (GCP) by the PWG. 
The PWG worked in four independent groups, each of which reviewed 4–5 questions. The groups individually elaborated the first draft of the recommendations, which was then reviewed by the PWG to produce the draft which was finally sent to the ERG for revision.

g. [bookmark: _heading=h.x167z15cus9w]External review of the guidelines
An ERG including representatives from the three scientific societies involved reviewed the draft of the elaborated document. Before the review process, an online meeting was arranged with the ERG to facilitate the review process and agree the methodology used in the elaboration of the guideline. All members of the ERG signed a conflict of interest document. After the review process, the PWG used the ERG’s suggestions and corrections to improve and finalise the document.



[bookmark: _heading=h.zgmyismcpo1i]3.Key questions
The recommendations elaborated by the PWG are organised based on the different preanalytical phases.
1.  	Pre-sampling/test request/patient identification
•01 - Effect of prehospital blood sampling on the emergency care process
•02 - Effect of tube labelling time
•03 - Status of patient preparation (fasting, position)
2.   	Sampling
•04 - Effect of the profession who draws blood samples
•05 - Effect of disinfectant choice (chlorhexidine-alcohol versus povidone iodine) on rate of infection and laboratory results
•06 - Effect of using non-sterile gloves in blood withdrawal
•07 - Effect of the tourniquet site (cm localisation from the venipuncture) on the rate of haematomas
•08 - Differences in laboratory results in sampling done using needles or short catheters
•09 - In adult ED patients with established peripheral venous access, are blood samples drawn from the peripheral intravenous catheter acceptable, comparable to those collected by venepuncture
•10 - Effect of the sampling devices, aspiration models, through peripheral intravenous catheters
•11 - “Difficult venous access”: the use of facilitators; ultrasonography-guided peripheral venous access
3.  	Post-sampling/transport
•12 - Effect of transporting blood samples via pneumatic tube systems on haemolysis rate, compared to manual transportation
•13 - Use of collected samples for future analysis
•14 - Blood sampling for blood cultures
4.   	Quality assurance
•15 - Effect of point of care testing (POCT)
•16 - Impact of monitoring preanalytical blood sampling quality indicators in management for ED blood samples. 


[bookmark: _heading=h.kmn21i5tc6o7]

[bookmark: _heading=h.wwg2bht3svur]1. Pre-sampling/test request/patient identification 

[bookmark: _heading=h.1szqqjnmyp54]1. Effect of prehospital blood sampling on the emergency care process
Background
The goal of every ED is to assess, triage and treat patients promptly. Increased patient LOS at the ED and increased crowding are associated with poorer outcomes, lower patient satisfaction, and increased staff stress [34]. ED staff state that waiting for laboratory results increases patients’ ED LOS and ED crowding [34-36] although research shows that crowding is a multifactorial problem, mainly caused by issues that block effective patient discharge [37-39]. Non-laboratory factors that may prolong ED LOS include inadequate number of hospital beds; poor patient flow through these beds; abnormal access to healthcare as a result of emergencies (epidemics, natural disasters etc.); and staff shortages. Multiple system interventions are often required to decrease patients’ ED LOS and mitigate against overcrowding [40]. One intervention that may increase the efficiency of emergency medical care is prehospital blood sampling in patients arriving at the ED by ambulance, in whom venous access is frequently established pre-arrival at hospital, and could be used to sample blood.
Approximately 16% of all patients seen in typical hospital EDs arrive by ambulance [41]. Sixty per cent of patients brought to EDs meet emergency medical services (EMS) protocols for intravenous access [34]. Whenever a patient is taken care of by EMS before admission to the ED and venous access has been established, there is an opportunity to secure blood specimens.
For certain patient groups, prehospital blood sampling may accelerate the availability of laboratory results, saving time in the TTP and allowing more rapid identification of those patients who require admission to hospital [42]. Other advantages of prehospital phlebotomy include decreased time to disposition and reduced ED LOS, which may help reduce crowding in the ED.  

 Key question
Do patients who are transported to hospital ED by ambulance and in whom prehospital phlebotomy is performed have shorter blood sample transport times to the laboratory, shorter time to diagnosis and shorter ED LOS, and do these effects decrease ED crowding compared with patients in whom phlebotomy was performed after arrival at the ED (typical care).
Population: Patients who were transported to the hospital ED by ambulance. Analysed with different patterns (chest pain, sepsis, trauma).
Intervention: Prehospital blood draw was performed
Comparison: Patients in whom phlebotomy was performed upon arrival at the ED (usual care)
Outcomes: blood sample transit times to the laboratory, troponin turnaround times, time to diagnosis, ED LOS, and ED patient crowding.

Recommendation
       There is limited evidence to prove that prehospital blood sampling reduces the time taken for specimens to reach the laboratory, the turnaround time, or the patient’s LOS.
However, the group does not recommend against prehospital blood sampling, since this can benefit the flow of samples to the hospital laboratory, provided that sampling time and storage conditions are standardised and fulfil minimum quality criteria. 



Quality of the evidence
Overall quality of evidence for the endpoint “blood sample arrival time”: VERY LOW
Overall quality of evidence for the endpoint “turnaround time”: VERY LOW
Overall quality of evidence for the endpoint “ED LOS”: VERY LOW
Strength of the recommendation
For turnaround time, weak strength of the recommendation; 2D GRADE
For ED LOS, weak strength of the recommendation; 2D GRADE
For Blood sample arrival time, weak strength of the recommendation; 2D GRADE

Justification
[bookmark: _Hlk156931678]The group is in favour of prehospital blood sampling rather than blood sampling at the ED. Although the overall quality of evidence is very low for all outcomes assessed according to GRADE [24], the guidelines group considers that prehospital phlebotomy in patients arriving at a hospital ED by ambulance has the potential to shorten the time from hospital arrival to the availability of laboratory results, when arranged using a suitable protocol with the laboratory, ED and ambulance services. Effects are more significant for critical tests such as cardiac troponin and coagulation. 
Robust evidence on the benefits of prehospital phlebotomy in this patient group is currently either unavailable or inconclusive. Mattila et al. [43] found significant time savings in terms of availability of results among patients with stroke when prehospital blood sampling was carried out. Another benefit of prehospital blood sampling in the stroke patient group is that large prehospital sample sets could enable the development of novel ambulance biomarkers to improve early differential diagnosis and treatment of thrombolysis candidates [43]. Curtis et al. [44] and Stopyra et al. [45] found that the introduction of prehospital phlebotomy reduced the time to blood results availability by 38%, decreased blood sample arrival time, and decreased time from patient ED arrival to laboratory arrival, with no differences in haemolysis rates compared to samples collected in the hospital for those who had arrived by ambulance. Gyldenholm et al. [46] found that the time from sampling to analysis was longer when sampled prehospital compared with intrahospital sampling, although this is not surprising since, in prehospital sampling, transport time to the ED is included. DuCharme et al. [36] found that time from arrival to disposition decision in chest pain patients was similar between groups. According to Matilla et al. [43], time from sampling to treatment decision was longer for prehospital sampling in stroke patients. Time from arrival to availability of laboratory results was decreased in patients who underwent prehospital blood sampling for chest pain, and in a general population.  There was no evidence in the selected literature of an effect on the endpoint time to diagnosis. For the endpoint ‘total LOS’, DuCharme et al. [36] found no differences between the chest pain groups, while Stopyra et al. [45] found a significant decrease in predicted LOS of 72.5 + SD 35.7 minutes, also in chest pain patients. The latter study calculated the predicted LOS using the time difference between the EMS blood draw and the first clinical ED draw.
Many factors affect the time of a specimen’s arrival in the laboratory, the endpoint TAT and patients’ LOS, other ED process bottlenecks may nullify the effect of prehospital blood sampling, such as delays in the sample transport system, waiting time for a medical specialist and waiting time for ancillary diagnostics such as contrast tomography scanning or ultrasound [47, 48]. In some studies, it appears that the specimen transit route is different for specimens taken prehospital and those taken in the ED. These potential confounding effects were not well considered or described in the literature reviewed. Individual hospitals should carefully consider their preanalytical processes and whether prehospital blood sampling would reduce transit time to the laboratory, TAT, ED LOS, or ED overcrowding at their institutions. These considerations should also be borne in mind for specific subgroups of patients. To properly judge these effects, high-quality research that considers all of the confounding factors in the total testing process is needed.
 In a testing process where other preanalytical processes, including specimen transport, laboratory accessioning and specimen preparation, are the same for these pre-drawn samples as for specimens taken from patients following arrival at the ED, it would seem logical that prehospital blood specimens should arrive at the laboratory sooner after patient presentation and lead to results being generated earlier.

Patient values
A lengthy stay in an overcrowded ED waiting either for a consultant or diagnostic test results can be a source of great anxiety for patients and their families, some of whom will already be acutely ill. Any process or change that can reduce this waiting time may lead to better patient care and an improved patient experience.

Differences of opinion among the WG 
The question was extensively debated based on the difficulties on the selection of the tests to be requested, the different team level across the European prehospital systems limits the generalisation of the recommendation. This recommendation is supported by the cumulative experience and opinion of subject experts in the guidelines group. In the opinion of the group, having pre-drawn blood for a patient arriving in ED by ambulance eliminates the time for phlebotomy in the ED


Subgroup considerations that may be relevant
Some low-quality evidence in chest pain patients and stroke patients supported prehospital blood sampling [36, 43-45].
[bookmark: _Hlk156931994]A prehospital blood drawing procedure could be expanded to other patient groups. Approximately 60% of patients who arrive by ambulance meet EMS protocols for intravenous access [41].

Implementation considerations
 According to Mattila et al., a structured implementation strategy is needed, including training for paramedics [43], healthcare professionals with expertise in process mapping should also be involved in designing specimen pathways that ensure the full benefits of prehospital phlebotomy can be realised. The logistics for specimens taken prehospital and specimens taken inside the hospital can differ and need to be part of the implementation strategy.

Suggestions for monitoring and evaluation
When deciding to implement a prehospital blood draw procedure, monitoring is recommended based on the KPIs mentioned here, since there is only limited evidence available. 

Research priorities or future research needs
Prospective and randomised controlled trials are needed to expand the evidence on the effects of prehospital blood draws on critical time points for patients and ED crowding.



[bookmark: _heading=h.t1mb8vdu6cic]2- Effect of tube labelling time
Background
ED staff are at risk of suboptimal patient identification behaviours, and may have difficulties following critical steps to correctly label pathology specimens. While ED care pathways assume patient identification and the labelling of specimens is accurate, in practice there are differences [49] between centres. One study reported that most rejected samples were from the ED [50], and 0,32% of all rejected specimens were due to mislabelling.
Poor patient identification in the ED setting is a recognised safety risk [51]. It is plausible that errors in identification are more likely to occur in a busy ED environment where the sample collector is managing multiple tasks and patients [44]. Conversely ED care is negatively impacted by poor patient identification during blood collection [52].
Diagnostic blood specimens collected by phlebotomy are the most common type of specimen sent to the medical laboratory. Since phlebotomy contributes to the diagnosis, management, and treatment of patients, it must be viewed as a critical procedure for patient safety [53].  The rejection of phlebotomy specimens by the laboratory on the grounds of poor sample quality has a wide range of direct negative impacts on patient care [50], reflecting the importance of the PPP and the role of professionals involved in this phase. Patients may be diagnosed or managed inappropriately if a mislabelled sample goes unnoticed. When the identification error is not detected in a reasonable time, inappropriate action may be taken based on results derived from the wrong patient, with potentially adverse effects on patient care [54]. Rejected specimens also lead to the inconvenience and discomfort of repeated specimen collection for the patient, with an accompanying delay in reporting test results. Specimen rejection leads to a median lag of 65 minutes in the availability of test results [55], potentially delaying the availability of critical values, the ability to make diagnoses, and the initiation or cessation of treatment. One of the reasons for the rejection of phlebotomy specimens is incorrect labelling [56, 57].
An analysis of specimen rejection in an academic medical centre in Baltimore showed that clotted and haemolysed specimens together comprised 94.6% of rejected specimens [50]. This suggested that rejection rates for other types of preanalytical errors, including mislabelling and insufficient volume, were low. The authors concluded that their barcode labelling and test requesting systems provided a reliable system for high-volume labelling of patient specimens. However, Valenstein et al. [58] categorised errors involving clinical laboratories from 120 institutions and showed that 55.5% of identification errors arose from inappropriate labelling of primary blood tubes. Wallin et al. [59] and Soderberg et al. [60] examined how most non-laboratory staff labelled specimens after collection. They classified this practice as a substantial risk for the generation of labelling errors. In both studies, the suggested procedure was the labelling of primary tubes alongside the patient, prior to the phlebotomy. The EFLM also recognises patient identification as a critical aspect of the PPP, urging the preanalytical phase working group (PP-WG) to promote harmonisation of this aspect [61].
Several studies [62] failed to support the recommendation to prelabel blood sample tubes. Historically, labelling post-sampling has been the standard, and three international organisations support this procedure [18, 63, 64].
In an editorial in 2014, Lima-Oliveira et al. [65] refer to the Croatian national guidelines, which state that there is no robust evidence to support labelling primary tubes either before or after venipuncture [53].
Key question
Is there a difference in the rate of identification errors when blood tubes are labelled either before or after sampling in patients visiting the ED?
Population: In patients visiting the ED
Intervention: Labelling of the blood tubes pre-sampling the blood
Comparison: Labelling of the blood tubes post sampling the blood
Outcome: Effect on the rate of identification errors
Recommendation
The guidelines group suggests that blood tubes should be labelled in the presence of the patient prior to phlebotomy to reduce the rate of identification errors.
Quality of the evidence:
Overall quality of evidence for the endpoint “identification errors” is VERY LOW
Strength of the recommendation: 
A weak recommendation, with very low-quality evidence; 2D GRADE
Justification
[bookmark: _Hlk156932514]In the literature search performed for this PICO question, no evidence was found relating to the impact of labelling samples pre- or post-phlebotomy and its effect on identification errors. The European guideline on venous blood collection [66] states that whether tubes should be labelled before or after collection depends on the local setting, but that labelling should always be done in the presence of the patient.
The most important findings from both appraised studies are as follows.
In their retrospective controlled cohort study evaluating the impact of prehospital blood collection on time to pathology results and error rates, Curtis et al. [44] found no labelling errors in the prehospital blood collection group. The paper’s conclusions and implications for practice support the introduction of prehospital phlebotomy, noting that this resulted in fewer labelling errors. Among non-prehospital blood collection patients, the overall error rate was 5.1% (1,592/31,002), of which 0.2% (55/ 31,002) of the samples were mislabelled and 0.1% (41/31,002) were unlabelled.
Rooper et al. [50] did an assessment of specimen rejection rates and concluded that they are an important quality measure for laboratories because of their potential negative impact on patient care. They examined the reasons for specimen rejection at a single, tertiary care healthcare institution and proposed a framework for designing an efficient intervention. During a one-year period, they identified all specimens that were rejected at the hospital and analysed a wide range of associated variables: reason for rejection; patient location; type of phlebotomist; tests ordered; priority status; collection container used; transport time. Their results revealed that clotted and haemolysed specimens accounted for the majority of rejected specimens, but that there were significant differences in reasons for specimen rejection between patient care areas. Eighty-five percent of rejected specimens came from the ED and eight other inpatient care areas. Registered nurses drew approximately 85% of rejected specimens, while phlebotomy staff drew only 4%. The authors concluded that while haemolysis and clotting are primary causes for specimen rejection, collection of all available data regarding the rejection of specimens is essential to enable laboratories to determine which factors are the most significant causes of rejection. In this case, labelling errors were lower than at other reported centres [67], perhaps due to the use of a barcode labelling system. 
Because it is plausible that errors in identification are more likely to occur in a busy ED environment where the sample collector has multiple patients, the group recommends labelling the blood tubes pre-sampling, as suggested by Curtis et al. [44]. Patient safety should be the primary aim in improving the identification process with the use of arm badges and scanners [68].

Patient values
Labelling blood specimens with the correct demographics is a fundamental issue for patients and the quality of the care they receive. Patient safety is compromised when samples are labelled incorrectly. Patients may be misdiagnosed or managed inappropriately if a mislabelled sample goes unnoticed. Where samples are unlabelled, patients may have to undergo blood sampling a second or third time, with accompanying delays in reporting laboratory test results.

Differences of opinion among the WG
There were no conflicting opinions among members of the working group.

Subgroup considerations that may be relevant
Accurate sample labelling is especially important for patients who are unconscious or unable to communicate, as they constitute a high-risk group for labelling errors.

 Implementation considerations
Education of ED staff was a relevant factor in all the quality improvement implementations proposed by Rooper et al. [50].

Suggestions for monitoring and evaluation
Monitoring PPP errors constitute relevant tools for the implementation of quality improvement programmes. 

Research priorities or future research needs
High-quality studies are required to answer this PICO question, as part of the of the needed research, cost analysis of IT support for the labelling process and the implication on the process of care. 


[bookmark: _heading=h.78mr4u19dnud]3-Status of Patient preparation 

Background
Several aspects can affect blood test results, leading to a potential impact on the emergency care blood sampling process. Factors including fasting and position during sampling have been extensively analysed [69].  Consumption of a variety of substances can affect test results, including alcohol, over-the-counter (OTC) [70] drugs and dietary supplements. Fasting status, and food or medications that the patient has consumed previously cannot be modified in the emergency setting, and position recommendations are sometimes difficult to follow, so a practical approach must focus on recognising and interpreting these factors.
 Posture:
Changing body position from supine to upright and vice versa may affect the concentration of some laboratory parameters [66, 71-73]. According to studies, patients should ideally not change body position for 15 minutes prior to phlebotomy. If the patient was lying down, blood sampling should be performed in the supine position (this is typically the case for hospitalised patients). Outpatients should ideally rest in a seated position for 15 minutes prior to blood sampling. If a change in posture is unavoidable within this period, it should be documented to allow the correct interpretation of the test results [73]. Additional considerations are required when interpreting blood test results in cases where strenuous exercise has been undertaken prior to sampling.
Fasting status:
It is known that various controllable factors such as diet, physical activity, smoking and alcohol consumption may affect laboratory test results [66]. Serum concentration of cholesterol and triglycerides are influenced by a range of factors, such as food composition, physical activity, smoking, and consumption of alcohol and coffee. 
The type and severity of the impact of food on laboratory values depends on its composition (for example fatty diets containing lipids; high protein diets containing ammonia, urea and uric acid), time since last meal, physical activity, smoking, alcohol, consumption of coffee, and time of day [74, 75]. 
One reason for preferring fasting lipid profiles is the increase in triglyceride concentration seen during a fat tolerance test in non-fasting patients. However, the increase in plasma triglycerides observed after habitual food intake in most individuals is much smaller than that observed during a fat tolerance test [76]. The acute effects (within 2–4 hours) of ethanol consumption are decreased plasma glucose and increased lactate due to the inhibition of hepatic gluconeogenesis. After one to several days of alcohol ingestion, gamma-glutamyl transferase (GGT) activities are induced. The long-term effects of ethanol ingestion include an increase in the activity of liver enzymes. 
Nonfasting lipid profile testing is convenient for patients and has been proved to be reliable and even superior to fasting lipid testing in assessing risk of atherosclerotic cardiovascular disease [77].
Although there are clear guidelines for fasting status [69] during planned blood sampling, for obvious reasons patients visiting the ED cannot follow these recommendations. On the other hand, there is variability in patient preparation for laboratory testing [73]. There is heterogeneity in the definition of fasting, and stipulations such as whether water is allowed during fasting differ between organisations and guidelines [66]. The EFLM have clear guidance on what constitutes fasting, and laboratory medicine professional bodies in most EU countries endorse this. However, borne out by data from the UK and Republic of Ireland, it is fair to say that the guidelines are often poorly observed [78]. In any case, these guidelines are applicable to non-urgent phlebotomy in most cases. We cannot expect an acutely presenting patient to have observed ideal fasting conditions or always to be aware of their fasting status when requesting or interpreting tests and results.

Key question
In adult patients at the ED with indication for a blood test, does patient's preparation (fasting status, or posture) affect the test results? 
Population: Adult ED patients with indication for a blood test
Intervention: Patient preparation (fasting status, posture)
Comparison: Non fasting, no resting position
Outcome: Modifications in the test results

Recommendation
Posture:
The guidelines group recommends that the sampling posture should not be changed. If the patient was lying for some time in the ED, the blood should be collected in a lying position.
Level of recommendation: Good practice
Fasting status:
The guidelines group for blood samples which are drawn at the ED, suggested to always verify and register the patient’s fasting status, previous alcohol consumption and OTC drugs. 
Level of recommendation:  Good practice
Previous Exercise:
The guidelines group for blood samples, which are drawn at the ED, suggested that previous exceptional exercise should always be verified and registered.
Level of recommendation: Good practice
The recommendations for this question are based on the group experience due to the lack of quality information to support the recommendation; in consequence, these recommendations have been graded as good practice.
     
Justification
There is poor patient knowledge and awareness about the need to prepare for laboratory testing and the potential effect of diet, physical exercise, stress, smoking, alcohol, OTC drugs and other modifiable factors on test results [66]. Most of the time, patients arrive at the ED unforeseen, therefore they cannot prepare in advance. However, for some laboratory testing, patients need to be informed about the importance of the proper preanalytical procedure, for example for urine collection. In relation to fasting status, it is important to make patients aware that their fasting status has been registered and that their laboratory results will be interpreted based on this status.
No articles have been selected for quality appraisal for this question. The recommendations provided are based on discussions among the working group and their personal experience. The recommendations from the actual guidelines, focus [18, 66, 69] on patient conditions; like fasting, position or previous exercise, limited to the emergency settings. 
Control of the factors that can modify test results and impact proper interpretation of those results form an important part of the patient care process. Errors in the interpretation of tests and the need to repeat tests can affect the quality of care. An overview of the blood test values that can be modified by a non-fasting situation or excessive exercise is included in the annex in tables g and h. 

Differences of opinion among the WG
There were no conflicting opinions among members of the working group.

Subgroup considerations that may be relevant
[bookmark: _Hlk156981043]With regard to fasting status, it was observed that fasting linked to religious holidays led to altered presentation patterns in the ED, with, in general, more gastrointestinal complaints, more night-time presentations, and a higher incidence of dehydration [79]. This prolonged fasting (a mean of 12 hours) needs no special consideration [80]. Within countries made up of different ethnic groups, non-fasting policies might need to be further refined. For example, individuals of South Asian or Latin American descent are more likely to have severe triglyceride elevations compared with individuals of non-Hispanic white and black descent [76].

Implementation considerations
Laboratories should implement standardised procedures for blood sampling and patient preparation, such as those recommended by EFLM [66]. Laboratories should set out sample acceptance criteria with regard to fasting samples. Laboratory professionals are responsible for disseminating information about fasting requirements to patients as well as to clinicians. For patients at the ED, however, it is important to note that fasting status requirements are often not feasible. Therefore, fasting status or dietary restrictions should be registered in the patient’s medical record at the ED during the triage process, or as early as possible during the patient’s ED journey. Information recorded should include the use of alcohol, along with other factors like recent high levels of exercise, so that these can be taken into account when interpreting the laboratory results. 

[bookmark: _heading=h.6km901oqrofb]

[bookmark: _heading=h.3znysh7]2.  	Sampling 

[bookmark: _heading=h.w3ted29a4fd9]4 - Effect of the phlebotomist on the quality of sampling process
Background
Phlebotomy is the most common invasive intervention in the hospital and prehospital setting. It is a low-risk procedure for patients, although contamination with infected materials ranks as a serious risk for health professionals. The impact of the PPP on laboratory results is far-reaching. 60–70% of errors in laboratory outcomes are based on the preanalytical phase6 and to a great extent related to the blood sampling procedure.
In the European context, blood sampling in the ED is performed by different professionals with different training backgrounds. Nurses are the healthcare professionals most commonly responsible for the procedure [81, 82]. Other professionals such as junior doctors or dedicated phlebotomists are less universally found in the ED across the continent. Training programmes for different professions show great variability. There are also significant differences between members of the same profession working across different settings [81].   
In the emergency setting the cannulation of a peripheral vein is a common procedure, and a newly placed catheter is consequently often used for blood sampling, as well as for the immediate administration of fluid or drugs. This specific management of ED patients forms part of the routine care provided by healthcare professionals (mainly registered nurses). The ED workflow is impacted by the professional that performs the phlebotomy, as time to treatment can be shortened by drawing the blood sample as soon as possible, i.e. by the first healthcare professional that assesses the patient [83 84]. Continuing education and training to raise awareness of the correct sampling procedure is important to minimise the risk of sample rejection [83].
Evidence of the impact that particular professions have on blood sampling results in terms of their level of efficiency or inefficiency is limited. Most studies do not provide sufficient information about the scope of training programmes or the presence/absence of protocols for difficult intravenous access (DIVA) patients.
Conversely, a shortage of health professionals has resulted in a tendency to transfer some procedures to appropriately trained allied health professionals [85].The COVID-19 outbreak accelerated this process. A similar trend can be observed in the ED, although to a lesser extent, with venipuncture still typically being performed by core health professionals.
 
Key question
Effect of the profession who draws blood samples in the quality of the process
Population: In adult ED patients with indication for a blood test
Intervention: Blood withdrawal by RN 
Comparison: Any other profession (EMT’s, paramedics, phlebotomist, biomedical scientists, clinical nurse specialists, APN, nurse assistants, junior doctors, specialty physicians, consultants)
Outcome: Process quality (using TAT). Complications (haemolysis rate). Patient satisfaction.

Recommendation
In the ED we suggest that blood sampling in the adult patients should be performed by specifically trained healthcare professionals. Considering the patient workflow.
Quality of the evidence
Overall quality of evidence for all the outcomes is VERY LOW
Strength of the Recommendation: A weak recommendation, with very low-quality evidence; 2D GRADE     

Justification
The appraised literature included one SR [86]that compared haemolysis rates for samples drawn by dedicated sampling professionals (phlebotomists) versus clinical non-dedicated professionals (nurses, physicians), and produced heterogenous results. Other studies found that the rate of haemolysis was lower in samples taken by phlebotomists (as reported by Saleem et al. [87]and Davidson et al. [88]), while Ong et al.[89]and Dugan et al. [90] found no difference, Cadamuro et al. [91]reported lower levels of haemolysis in samples taken by nurses. The literature search also included an observational study by Rooper et al. [50],in which phlebotomists had lower sample rejection rates compared to registered nurses working in the ED. All the studies that were appraised have important limitations with heterogeneity in the results, risk of bias and indirectness. For these reasons the overall quality of the evidence was considered to be low. The heterogeneity in the results would merit further quality research focusing on the efficiency of the different professionals.
Three studies were appraised for the outcome TAT. In DIVA, with the use of ultrasound, Davis et al. [92] found that trained nurses were associated with shorter times to establish IV access, faster laboratory results, and faster time to analgesia compared with physicians.  The remainder of the studies that were reviewed focused on process changes, and were based on sampling at the triage station by nurses [93] or prior to evaluation by a physician. These process changes reduced the LOS of patients in the ED. The final publication [84] that was appraised was oriented to acute ischemic stroke (AIS) protocol activation with no consideration of the professionals that performed the phlebotomy.
Changes to the process of care within different sampling settings and among different professionals are tackled in other studies. Stowell et al. looks at specimen collection that is performed after triage and a physician test order by a dedicated ED phlebotomist (technician trained) [94], and compares this with sampling carried out by an ED nurse when the patient is in the ED and formal evaluation has taken place. In the study, patients with prolonged door-to-physician time (>20 minutes) were selected. A dedicated phlebotomist was associated with a reduction in the percentage of patients who left the ED before treatment completion (LBTC) to 2.74% (95% CI, 2.09%-3.59%) versus 5.31% (95% CI, 4.97%-5.67%). This study demonstrated the feasibility of using a dedicated ED phlebotomist and the impact on LBTC, although the authors reported a negative impact on the door-to-physician evaluation and in ED LOS. No overall increase in patient satisfaction was reported in this study.
Further research is required to establish the effect of an ED phlebotomist on ED workflow in order to overcome the consequences of discontinuity of patient care and the close connection between intravenous access for blood sampling and treatment administration (drugs, fluids). 
Considering how important it is that nurses have very high skill-levels in obtaining IV access across all levels of difficulty in order to be able to tackle DIVA cases, prioritising these professionals in the phlebotomy procedure seems sensible. In the Stowell et al. [94] study there were delays in the patient flow (physician contact and door-to-room) during phlebotomist’s sampling. These results are a relevant negative effect that reflects some work-flow interferences. These factors add weight to the recommendation to focus on nurses as having the preferred professional profile for blood sampling procedures in the ED. However, it is the opinion of the group that training is more important than the original curriculum of the sampling professional.
Patients’ values have not been explored with regard to this question; although safety, professionalism and integration of care are the elements of healthcare delivery that are most valued by patients [95]. Focusing on IV access, all of these issues relate to appropriate training of the relevant professionals.

Subgroup considerations that may be relevant
Special consideration should be given to patients requiring IV access, and more specifically those with DIVA (defined as two or more failed attempts at PIVC access [96]). In these cases, appropriately trained professionals should carry out the procedure following the previously defined protocol [97]. As reported by Davis et al., nurses achieve excellent results using ultrasound-guided peripheral intravenous catheters [92].

Implementation considerations
Training is a fundamental factor that underpins achieving excellence in any procedural task. It was considered the most relevant factor in several surveys carried out to evaluate the efficiency of the professionals across European centres. The results of these surveys indicate that levels of compliance with accepted procedures are low in European countries [98], while a self-reported survey by emergency nurses revealed some lack of knowledge of best practices relating to blood sampling and prevention of haemolysis83. These findings illustrate the need for the standardisation of training and implementation of effective quality improvement actions [99]. Implementing training programmes that lead to the certification of professionals in the curriculum described by the WHO [18] should be considered.

Research priorities or future research needs
More research is required to establish the impact of different professionals on blood sampling in the ED, both to establish the factors that affect the quality of the blood sampling procedure, and the impact on service performance. The scarcity of studies, their limited quality, and the variability seen across European centers were all obstacles to elaborating conclusions. A common consensus was the importance of training, continuing professional development and certification for the professionals responsible for drawing blood. Other blood sampling guidelines do not tackle this point [18, 100]. 

[bookmark: _heading=h.ddtx15ntq8rt]5. Disinfectant choice (chlorhexidine-alcohol versus povidone iodine) for venipuncture.
[bookmark: _heading=h.2ag07cplv2f5]
Background
[bookmark: _Hlk156981761]The importance of skin preparation prior to phlebotomy has been considered in guidelines produced by various scientific organisations [18, 100]. The literature recommends the use of 70% ethyl alcohol for lab-tested blood samples, with the avoidance of povidone-iodine due to its potential impact on potassium results [101], although no recent reports were found that related to potassium measurement. A clear SOP for the use of disinfectants is described in the published guidelines.
Theoretically, povidone-iodine offers certain benefits over other antiseptics [102]due to its particularly broad spectrum of antimicrobial activity, along with skin tolerance in its aqueous and hydroalcoholic formulations.
Chlorhexidine has a broad spectrum of antimicrobial activity and is not deactivated by organic material. Its use in combination with alcohol – or the use of alcohol as a disinfectant – is important due to its excellent antiseptic characteristics [103].
Antisepsis of the skin at the location where either phlebotomy will be performed or a peripheral intravenous catheter (PIVC) will be placed is important both to avoid the introduction of septic material that can cause an infection of the vein or surrounding tissues, and to prevent contamination of sampled blood, especially in the case of blood cultures. While the rate of infections following blood sampling is low, the level of contaminated blood cultures and false positive blood cultures (FPBCs) seems to be significant in the adult ED population (this has not been verified by any randomised controlled trials). A recent Australian study reported that 42% of positive blood cultures were FPBC [104]. Contamination is mainly produced by coagulase-negative staphylococci and other skin flora, which are unfortunately sometimes the cause of severe infections. The clinical and economic consequences of contaminated blood cultures were highlighted in a systematic review [105]. The multifactorial aspects of this problem have been addressed in education programmes that when applied have demonstrated substantial benefits in reducing contamination rates [106].
Careful consideration has been given to the role played by the type of antiseptic used to prepare the skin for phlebotomy for blood cultures. A study comparing aqueous povidone with hydroalcoholic chlorhexidine as antiseptic preparations for blood cultures in an intensive care unit (ICU) setting, with false positive blood cultures as the outcome, demonstrated the superiority of chlorhexidine in terms of a reduction in the false positive rate (odds ratio, 0.40(95% CI, 0.21 to 0.75)) [107]. Similar results were obtained among paediatric patients in an ED [108]. This study concluded that chlorhexidine-alcohol was superior to povidone-iodine. The results were questioned because alcohol, which has its own antiseptic properties, was only present in the chlorhexidine group, although the action time is also shorter for this form of antiseptic [109]. The recommendation from expert groups is to use skin antiseptic for blood cultures [110], with insufficient evidence to indicate which option is more efficient.  
A debate persists over which antiseptic is best, and recently researchers have pointed out that the choice of antiseptic is just one element of the procedure, emphasising that attention should be paid to ensuring the method itself is adequate and that the procedure is carried out by a suitably trained professional [110].
Key question
In adult ED patients, does the disinfectant choice (chlorhexidine-alcohol versus povidone iodine) affect rate of blood culture contamination? Or laboratory results?
Population: In adult ED patients with blood cultures indication, or blood sampling for laboratory tests.
Intervention: Chlorhexidine-alcohol use as disinfectant for blood cultures
Comparison: with povidone iodine for blood cultures
Outcome: Rate of contamination of the blood cultures.
 
Blood culture contamination was the only outcome that was considered, as there was insufficient literature to assess the impact of different skin antiseptics on test results. Analysis of other outcomes of the antiseptic procedure, such as local infection at the venipuncture site, was not possible due to a lack of publications examining this. The limited number of local infections generated by blood sampling may be one of the reasons for the lack of studies [111].  

Recommendation
In case of sampling in the ED for blood culture, chlorhexidine-alcohol should be used to disinfect sites of needle insertion for blood samples to prevent contamination.

Quality of the evidence
Overall quality of evidence for all the outcomes is VERY LOW
Strength of the recommendation
A weak recommendation, with very low-quality evidence; 2D GRADE
Justification
Sufficient studies have been published to recommend the use of chlorhexidine-alcohol during blood sampling for blood cultures. In the literature that was reviewed for these guidelines, the blood culture contamination rate was 9.6% higher (95% CI 5.0 to 14.2) when using aqueous povidone-iodine (PVI), compared with alcohol/chlorhexidine gluconate (ACHX) [112].The same result was observed for chlorhexidine in a previous study published by the same author that looked at contamination rates [113].The quality of the evidence is very low, with only observational studies to support the results. However, evidence of the superiority of ACHX was also found by Suwanpimolkul et al. [114] in an RCT that showed a 6% reduction in false positive BCs drawn in the ED using ACHX. These results are controversial when viewed alongside a systematic review of RCTs [115] published in 2016, in which no differences were demonstrated in FPBCs between alcoholic and non-alcoholic solutions of antiseptics; ACHX and PVI; chlorhexidine and iodine compounds; and PVI and iodine tincture. However, a reduction of false positive blood cultures was confirmed in an SR [105] that reported 59% of patients with a FPBC received unnecessary antibiotics, with an increase in hospital LOS and an increase in the number of tests required, along with subsequent incremental costs. No secondary effects have been reported with the use of ACHX. In rare cases, some people may get red, itchy or irritated skin.
Differences of opinion among the WG
There were no conflicting opinions among members of the working group.
Subgroup considerations that may be relevant
When carrying out blood sampling for haematology or biochemistry tests, skin preparation requirements are described in the sampling guidelines [18, 100]. Although the use of isopropyl alcohol following the SOP is the general approach [103], special consideration should be given to patients in which blood sampling is being performed to establish alcohol levels – although the publication by Lippi demonstrated no interference with the use of ethanol-containing antiseptics in the measured level of alcohol [118]. Alcohol used to clean the venipuncture site does not jeopardise blood and plasma alcohol measurement with head-space gas chromatography and an enzymatic assay.
Implementation considerations
 Development and dissemination of the blood sampling SOP for BCs is the key implementation goal for this question. Appropriate training should form part of the strategy for reducing FPBCs. Including measurement of false positive rates as a QI in the ED also have a positive impact on reducing FPBCs [104, 116].
The SOP for the antiseptic procedure is relevant. As an example, the use of an alcoholic solution requires some time (1 minute) before antiseptic action is achieved, and venipuncture immediately following application can reduce its efficacy. Based on the evidence (albeit weak), the implementation of an SOP per se, including the mandatory use of a specific antiseptic, is good clinical practice [113]. However, not following the SOP and not allowing enough time for the alcohol to dry did not cause alterations to the blood test results in Salvano’s study [117].
Suggestions for monitoring and evaluation
The number of FPBCs is a good indicator of the effectiveness of the aseptic process being used in blood sampling for BC. It should be included as a panel QI. 
Research priorities or future research needs
The use of an antiseptic technique when simple venipuncture is performed, needs further analysis in light of publications discussing the role of antiseptics in skin wounds [119].

[bookmark: _heading=h.cnki7tp1r9fn]6 - Effect of using non-sterile gloves in blood sampling
Background
[bookmark: _Hlk156982401]Phlebotomy is an interventional procedure with some safety risks for the patient and the health professional [120]. Local injury, contamination of the blood sample or local infection are the most relevant biological complications for the patient. The transmission of infectious disease is the main risk for the health professional. Both can be reduced using an adequate SOP, including the deployment of proper aseptic techniques and appropriate use of personal protective equipment (PPE).
In the ED, three different venipuncture procedures are frequently performed, each of them with different levels of aseptic requirements: phlebotomy for simple blood sampling; intravenous peripheral catheter insertion; and blood sampling for blood culture.
Local infection (phlebitis, cellulitis) is a rare complication in simple phlebotomy [111]. The use of a peripheral catheter placed in the ED, particularly following a longer insertion period if the patient is not discharged, is associated with additional infection risk, especially if it is maintained after the ED evaluation, during the hospital admission. The infectious complications from these PIVCs are estimated as 2.2 cases per 10,000 patient-days [121], a figure that merits action to lower the risk.
The published guidelines recommend gloves as part of both the aseptic and personal protective measures that should be used by the health professional [18, 100]. For simple phlebotomy, non-sterile gloves are recommended, while sterile gloves should be used for collecting blood cultures. The role of gloves to minimise the risk of health professionals being exposed to accidental contact with contaminated blood or needle-stick injuries is generally accepted, although it is not supported by evidence-based studies. 
Environmental issues relating to the reduction of plastic waste are also becoming a more important factor, and plastic gloves need to be considered with regards to economic and environmental costs. The increase in plastic waste was exacerbated by the COVID pandemic [122] both with regard to PPE and other disposable materials. The need to dispose of plastic waste appropriately requires consideration of the pros and cons of using all disposable plastic products.
 
Key question
Effect of using non-sterile gloves in blood sampling for analytical tests
Population: Patients in ED with blood sampling for analytical tests needs
Intervention: Using sterile gloves as part of the SOP when withdrawing blood
Comparison: Using non sterile gloves as part of the SOP when drawing blood
Outcome: risk of phlebitis/infections at needle point, blood culture contamination.
The recommendations for this question are based on the group experience due to the lack of quality information to support the recommendation, in consequence these recommendations have been graded as good practice.
Recommendation
The working group is against recommending the use of sterile gloves, for the professionals performing blood sampling in the ED. The recommendation is to use non sterile single-use gloves for standard phlebotomy as a protective measurement can be considered with the strength of a good practice.
The use of non-sterile gloves as part of the professionals’ protective measures is advised. Sampling for blood cultures has a specific consideration, and details are described in question 14.
The recommendations for this question are based on the group experience due to the lack of quality information to support the recommendation. Hence, these recommendations have been graded as good practice.

Justification
Based on the search-defined keywords, the literature search for this question did not produce valid results. After discussing the two alternatives, the panel recommends current standard practice as good practice, i.e. the use of non-sterile gloves for phlebotomy, and the use of sterile gloves for blood culture sampling. The standard procedure, for simple phlebotomy, is to use non-sterile gloves, and this is supported by daily practice. It is based on the infection paradigm, with the goal of reducing the patient’s risk of phlebitis or skin infection at the puncture site, along with preventing cross-contamination between patients. However, wearing gloves is not a substitute for hand-hygiene routines. Since the emergence of HIV in 1984, and the recognition of the potential for its transmission through blood or other body fluids, health centres have implemented universal preventive measures in which non-sterile gloves are worn for all procedures that involve the manipulation of blood. Preventive measures set out by The Centers for Disease Control and Prevention (CDC) include the use of barrier precautions, such as gloves, for every health professional who performs procedures in which potential contact of blood or fluids with the skin can be anticipated. Venipuncture is specifically mentioned in the CDC’s guidance [123, 124]. Over the last 40 years the use of gloves has become the norm for both patient and provider safety.
Arguments against the use of gloves refer to the challenge of locating a vein via palpation when wearing gloves. However, safety benefits outweigh the reduction in sensitivity regarding vein location, which can make the procedure more difficult. The recommendation is to train professionals with gloves as set out by OSHA [125]. 
 
Subgroup considerations that may be relevant
There are special considerations for two groups of patients: those in which the procedure is performed with the cannulation of a peripheral vein, with blood sampling carried out subsequently; and those in whom blood sampling is for a blood culture.
Placement of a PIVC is a practice that is associated with higher levels of infectious complications, especially if the catheter is left in place for more than four hours. Most guidance is based on the CDC and epic3 guidelines [126], with the use of non-sterile gloves considered appropriate for PIVCs if the access site is not touched after the application of skin antiseptics [127]. With a low level of recommendation Category IC [128], the guidelines also refer the use of sterile gloves and the need for adequate hand washing.
In the case of blood sampling for blood cultures, the guidelines only stipulate the use of sterile gloves if palpation of the vein is required after antiseptic has been applied to the skin [129]. Both the use of antiseptic and the application of protocols based on appropriate educational programmes are of great importance in reducing FPBCs. Sterile gloves have been shown to have an impact in reducing contamination when used as part of a wider quality programme [121]. 

Implementation considerations
The use of gloves as part of safety protocols must be complemented by other actions, such as hand-washing, the appropriate use of antiseptics, and the selection of low-risk materials. These should form part of appropriate educational programmes for the professionals that will perform the procedures.
Including KPI parameters that can indirectly flag up lapses in the safety SOP, such as FPBCs, will act as red flags and help evaluate the impact of the intervention.
Research using simulation is required into the efficacy of PPE, and should include the training methodology and retention programmes [130]. 
In the light of a recent publication that illustrated the low risk of open wound manipulation in the ED using non-sterile gloves, further research is needed into the use of non-sterile gloves for blood sampling through PIVCs [131].


[bookmark: _heading=h.3pqyxo707ufs]7 - In adult ED patients, does the tourniquet site (localisation from the venipuncture) affect the rate of complications; haemolysis, or haematomas?
 
Background
As an accessory during blood sampling, the main role of the tourniquet is to facilitate blood return from the punctured vein, rather than to help locate the vein. Its use is optional and is not without complications. A risk of cross-infection, with particular reference to multiresistant bacteria, has been demonstrated when reusable tourniquets are applied [132]. The length of time the tourniquet is left in place is of concern due to its effect on haemolysis, for example decreases in erythrocyte deformability at 90 seconds, 120 seconds, and 180 seconds after removal, and increases in erythrocyte aggregation at 5 seconds and 30 seconds after removal. A significant increase in granulocyte respiratory burst has been observed at 60 seconds, confirming leukocyte activation due to the application of the tourniquet [133], and clinically relevant changes in white and red cell counts have been observed when the tourniquet is in place for 3 minutes [134]. Two observational studies both found that a tourniquet time of more than 1 minute led to significantly higher rates of haemolysis (20.2% (n=20) versus 1.3% (n=3), P<0.001) [135], and in the Wollowitz et al. study 17.5% (n=214) versus 10.7% (n=352), OR 1.3 [95% CI: 1.0–1.6] [136] respectively, providing good evidence of this effect. In consequence 1 minute is considered the maximum time a tourniquet should be kept in place [137], a finding that is supported by Saleem et al. study [87].
Stasis is the cause of the findings described above, and as a result a short distance from the tourniquet site to the puncture site can enhance this effect.
Tourniquet site (defined in terms of cm localisation from the venipuncture) is mentioned in various guidelines, with no special consideration given to potentially undesirable effects such as the rate of haematomas, patient satisfaction, or professional acceptance. The recommendation in the WHO guidelines [18] is as follows: “Apply the tourniquet about 4–5 finger widths above the venepuncture site,” while the EFLM recommends: “The tourniquet should be applied approximately one hand width (7.5 cm) above the anticipated puncture site” [66]. Dutch guidelines state that the tourniquet should be placed 7.5-10cm above the puncture site [138], although no rationale is given for this.

 Key question
In adult ED patients, does the tourniquet site (cm localisation from the venipuncture) affect the rate of complications: test results, haemolysis, haematomas, patient satisfaction, or professional acceptance?
Population: In adult ED patients with blood test indication
Intervention: Tourniquet site away from the venipuncture (Guideline criteria >7 cm) 
Comparison: Tourniquet site close to the venipuncture (< 7 cm)
Outcome: Rate of haematomas, patient satisfaction, or professional acceptance
 
Recommendation
No references covering specifically this PICO question were found in the search period; the working group has no new recommendations to add about the tourniquet position.
 
Justification
Two studies met the search criteria for this PICO question and were included in the appraisal process.86 139 In McCaughey et al.’s review article [86], no mention was made of complications, haematomas, patient satisfaction, or professional acceptance. In Phelan et al.’s retrospective cohort study [139], the authors analysed 54,531 potassium results, assessing the incidence of haemolysis. Their findings indicated that shorter tourniquet time (less than 60 seconds) and the use of larger gauge needles for IV draws, were significantly associated with lower haemolysis.
Tourniquet position was not considered to be a factor that could modify rates of haemolysis or impact on laboratory results, and the working panel did not consider the position of the tourniquet to be relevant.

Research priorities or future research needs
No research priorities were identified.



[bookmark: _heading=h.41sttx7sck7l]8 - Differences in laboratory test results between sampling done using needles and short catheters (in patients with no IV access)

Background
[bookmark: _Hlk156983105]Laboratory tests from blood samples are a major component in the diagnostic work-up of emergency patients. Haemolysis (the breakdown of red blood cells) is one of the quality limitations of the testing process, and sampling techniques are one of the major contributing factors. Sampling includes several sub-processes and variables such as: vein selection, use of tourniquet, sampling device (needle; butterfly; catheters of different sizes, length and materials), aspiration method, container. All of these can potentially contribute to sample haemolysis, which can lead to inaccurate or delayed blood test results, and additional requirements for new phlebotomy. The American Society of Clinical Pathology defines the acceptable sample rejection rate due to haemolysis as 2% or less [140]. Published studies have reported that haemolysis rates range from less than 1% to 36%, depending on multiple variables [139] including phlebotomy equipment [86].
Hospital EDs have been identified as the setting with the highest source of haemolysed blood samples [141]. It is important to reduce the rate of haemolysis because of its many consequences. These may include delays to prompt diagnosis and clinical decision-making; an increase in laboratory and phlebotomy staff workload; increased costs; unnecessary pain, inconvenience and anxiety; and an increased risk of iatrogenic injury and infection for patients requiring repeat phlebotomy [142-144].
When comparing the impact of sampling devices on the haemolysis rates between specimens drawn using PIVC and straight needle venepuncture, an RCT [140] and three observational studies all [145-147] reported significantly higher rates of haemolysis for specimens drawn through a PIVC or with a butterfly needle, compared to straight needle venepuncture. A more recent RCT [148] also described a higher rate of haemolysis for PIVC than straight needle venepuncture, although no statistical analyses were included. Reported comparisons of the haemolysis rates using different sampling techniques are not uniform: one observational study with 40 specimens per group [135] and another with 19 specimens per group [149] found no significant differences in haemolysis rates between the two techniques (PIVC and straight needle venepuncture). These studies may have been underpowered due to the small number of observations. An extensive meta-analysis including 17 studies concluded there was a higher risk of haemolysis using a PIVC compared to a straight needle, with an estimated OR 3.4;(95% CI = 2.9 to 3.9) [150].
Two observational studies compared haemolysis rates for specimens drawn using PIVC with those drawn using butterfly needles. Both studies found significantly higher rates of haemolysis for the specimens collected using PIVC compared to butterfly needles [136], or when using either butterfly needles or PIVC compared to butterfly needles only [136 151]. 
The size of the PIVC is widely recognised as a relevant factor. An observational study by Tanabe et al. [145] found that while increased IV catheter gauge (i.e. narrower diameter) led to a significant increase in haemolysis rates, there was no relationship between steel needle gauge size and haemolysis rates.  Ong et al. [146] also found no significant difference in haemolysis rates for gauge sizes <21G compared to their narrower counterparts.  Finally, Ibrahim et al. [ 152] reported higher haemolysis rates when using 29G insulin needles compared to 23G standard needles.  However, this study confounded the needle gauge size with different syringes and needle lengths.
Due to these consistent findings, evidence that there is no effect of steel needle gauge size on haemolysis rates was classified as good, while evidence that a higher IV catheter gauge (narrower IV catheter) leads to increased haemolysis was also classified as good.
An important aspect that needs to be considered when interpreting the findings of these studies is the negative pressure with which blood was drawn through the collection devices [153]. Phelan et al. [139] found a clear relationship between the concentration of free haemoglobin (i.e. haemolysis) and the level of negative pressure of different vacuum tubes, regardless of the PIVC gauge used for sample collection. The authors concluded that the use of so-called low-vacuum tubes may reduce haemolysis rates in samples collected via PIVC.
The type of materials in contact with the blood has been demonstrated to be another influencing variable. Burns et al. [154] found higher haemolysis rates when using a plastic IV cannula compared to a metal one, while other elements such as aspiration through a hub or an extension tube were not associated with significant differences in haemolysis rates [155]. No differences in haemolysis rates were found when specimens were drawn directly through an IV cannula hub, or a needleless device connected to the IV cannula cap. When samples were [156] collected using a BD Vacutainer One Use Holder compared to a Greiner Holdex, no differences were reported. However, it should be noted that in the last study, the concentrations of cell-free haemoglobin and the frequency of gross haemolysis were higher using the BD Vacutainer One Use Holder than the Greiner Holdex [157]. This study confirms previous findings that the use of straight needles and the antecubital location is significantly associated with reduced haemolysis, supporting the original conclusion of Heyer and colleagues [158].
Given the large quantity of consistent supporting observations, the evidence for higher haemolysis rates when specimens are drawn using a PIVC compared to venepuncture is reflected in the current guidelines. However, most guidelines [159,160] state that blood samples may be drawn from a PIVC directly after insertion.
It is important to clarify that PIVCs are an approved medical device for IV fluid therapy, but not for blood drawing. The most obvious reason for the higher haemolysis rates in PICV blood collections is the fact that straight needles are designed to provide a laminar flow without any turbulence, while PIVCs have different openings where such turbulence may occur, the intensity of which increases with increasing suction, thereby inducing red blood cell rupture. PIVCs may also contain valves or luers that impede the reverse flow of blood. Consequently, the use of PIVCs for blood collection is off-label, and a local documented risk stratification needs to be performed prior to using them for this. 
[bookmark: _heading=h.2et92p0]
Key question
In adult patients undergoing a new phlebotomy for laboratory testing at the ED, does venipuncture using butterfly or straight needles, as opposed to short peripheral IV catheters, decrease the rate of haemolysis or the frequency of phlebotomy-related complications, such as haematomas and what is the effect on patient satisfaction?
Population: In adult ED patients with blood test indication.
Intervention: Venepuncture using short IV catheters
Comparations: Venepuncture using butterfly needles or straight needle 
Outcome: Rate of haemolysis, complications(haematomas), patient satisfaction.
Recommendation
In favour of recommending the use of straight needle venepuncture, or butterfly needles, rather than sampling from IV catheters.
Quality of the evidence
Overall quality of evidence for the endpoint haemolysis is LOW
Strength of the recommendation:  A weak recommendation;2C GRADE

In the ED, venipuncture using needles rather than drawing blood from a PIVC is recommended to minimise the frequency of phlebotomy-related haemolysis.

Justification
Two articles comparing haemolysis rates between specimens drawn using IV catheters and straight needle venipuncture were selected based on the literature search criteria. McCaughey et al. [86] systematic review of peer-reviewed articles from 2000–2016, in which the rate of haemolysis is related to at least one factor that can influence haemolysis rates, included 40 articles, 20% of which were RCTs. Focusing on the sampling device – PIVC versus needle venipuncture – the authors found a higher risk of haemolysis when blood samples were drawn from PIVCs, compared to straight needle venipuncture. The estimated risk ratio of haemolysis, comparing PIVC with needle venipuncture, had an OR of 4.4 (95% CI: 1.5 to13.0), in the SR reference. Only two small observational studies were evaluated in this SR (4,025 and 1,932 specimens in each study group) which found no significant difference in haemolysis rates between specimens collected using a PIVC or venipuncture (0% versus 2.5% (n = 1), p = 0.6425 and 23.5% (n = 4) versus 0%, p = 0.0932). However, this may have been due to the small sample sizes in both studies. The overall quality of evidence (systematic review and single studies) for the endpoint haemolysis rate was rated as low. However, due to the large number of consistent supporting findings of higher haemolysis rates when specimens are drawn using an IV catheter compared to venipuncture, the evidence was classified as excellent.
The second study by Phelan et al. [161] confirms previous findings that the use of straight needles, along with the antecubital location, is significantly associated with reduced haemolysis. Straight needle haemolysis was significantly lower than in samples obtained from IV lines (5.4% (33 of 615) versus 10.2% (4,821 of 47,266), P < .001). However, the evidence from this study was graded ‘very low’, based on the design (observational) and the serious risk of bias.
When an analysis was carried out based on the two observational studies from McCaughey et al.’s systematic review [86], the risk of a sample taken from a PIVC being haemolysed was again higher compared to the use of butterfly needles, with an OR of 7.7 (95% CI: 4.9 to 12.0). The quality of these results was graded as low.
Due to the consistency of these findings, the group considered there was good evidence of higher haemolysis rates for specimens drawn using IV catheters, compared to straight needles or butterfly needles.
This recommendation is supported by the cumulative experience and opinion of the subject experts in the guidelines group, who also considered the results of the comprehensive and systematic literature review.  In the group’s opinion, phlebotomy using straight needles or butterfly needles is preferable to drawing blood from IV catheters.  
The literature that was appraised provided consistent evidence to show that haemolysis rates are higher in samples taken from catheters, compared with those taken by vein punctures using straight needles or butterfly needles [86]. Use of one of the latter options is therefore associated with a reduced likelihood of the need for a new venipuncture due to the sample being invalid (leading to an associated delay in the process of care). 
It is of course inconvenient for staff and patients to be punctured twice, firstly for a blood sample and then for the insertion a catheter. Furthermore, drawing blood from IV catheters with a low gauge may be appropriate in some patient groups, for instance when a patient has limited vascular access; is at increased risk of bleeding; or is receiving intravenous medication. It may also be applicable in patients that need multiple blood tests to monitor their condition, such as those with gastrointestinal bleeding or acute coronary syndrome. In these cases, a documented risk stratification needs to be conducted to justify the off-label use.
Advantages of collecting blood from a PIVC include:
-     Convenience of access
-     Decreased staff workload (assuming no re-collection is necessary due to haemolysis)
-     Decreased costs (assuming no re-collection is necessary due to haemolysis)
-     Decreased pain for the patient due to the avoidance of an additional venepuncture
Disadvantages:
-     Off-label use of a medical device
-	Risk of haemolysis
-     Non-equivalence of the blood test results
-     Risk of infection
-     Risk to the patency of the cannula
In patients where the sole requirement is blood sampling, venipuncture is the best practice. If peripheral venous access is required (for example if the patient is unstable or at risk of instability, or if IV infusion of drugs is required) or a new venipuncture is contraindicated (fibrinolytic treatment, history of bleeding disorders, or if receiving anticoagulation therapy) these factors can form part of the risk stratification to support the use of PIVC sampling. Conversely, a new venipuncture is strongly recommended when a real or spurious haemolysis is a diagnostic problem.

Patient values
Placement of a PIVC allows future blood samples to be taken without another venepuncture. Although phlebotomy is generally considered to be a minimally invasive procedure, it is not without risk.  For patients, using an IV catheter for blood sampling means avoiding the need to subject them to additional venipunctures, with the associated risks of procedural complications such as nerve injury, thrombosis, and infection [112 162]. From the health professional’s perspective, inserting a short IV catheter may be more time-consuming than inserting a needle. However, when additional blood sampling is required, and a new venipunture is needed, this is more time-consuming than extraction from the placed IV catheter.  
 
Differences of opinion among the WG
The recommendation generated lively discussion, due to the difficulty in agreeing on specific subgroups with specific needs. 
Subgroup considerations that may be relevant
The recommendation is based on the subgroup of patients arriving at the ED without venous access, in a stable situation, and with no need of venous access.
 Implementation considerations
Key implementation considerations (in addition to those that are specified in the recommendation), including strategies to address any concerns about the acceptability and feasibility of recommendation can be summarised as follows:
Venipuncture SOPs prescribing 
PIVC SOPS prescribing 
Training for handling of wider gauge PIVCs
Documented risk stratification for the intended off-label use of a PIVC for blood collection
Suggestions for monitoring and evaluation
Using data from laboratory systems to monitor the incidence of haemolysis over time, combined with a quality programme with pre-established acceptable limits for haemolysis.
 
Research priorities or future research needs
Focused research to estimate the benefits of specific protocols for blood sampling in the ED based on patient status. 
[bookmark: _heading=h.n6k7n9avbkf]

[bookmark: _heading=h.f1d5po9mr5x1]9- In adult ED patients with established peripheral venous access, are blood samples drawn from the peripheral intravenous catheter acceptable, comparable to those collected by venepuncture.
[bookmark: _heading=h.61e5i9ggg6h4]
Background
[bookmark: _Hlk156984797]As many as 45% [163] of ED visits have been reported to include the insertion of a PIVC, even though the efficiency of this procedure is the subject of discussion and needs further analysis [164]. A third of all established catheters in the ED are not used for any infusion procedure [163]. 
The use of PIVCs for blood sampling in daily practice is associated with potential complications, as reported in an Australian survey which also found that PIVCs are more frequently used for blood sampling in the ED than in other hospital departments. More than 50% of the professionals that took part in the survey took blood samples via a PIVC [165]. Potential side effects include infection; breach of patient safety due to possible management errors; and the need for resampling due to haemolysis. Haemolysis was systematically reported as the most relevant issue associated with this blood collection procedure.
Haemolysis is one of the most frequent causes of sample rejection in most clinical laboratories, and may lead to unreliable test results, along with delayed diagnosis and therapy for patients. EDs have the highest sample rejection and haemolysis rates in any hospital setting [141]. The proportion of haemolysed specimens in EDs was significantly higher compared to other hospital departments, with rates ten times higher than other medical wards according to one study [154,166]. Collection of blood through a PIVC is one of the known factors for haemolysis in the ED. This is because PIVCs do not ensure a laminar flow through the collection device, causing the blood to swirl and the red blood cells to rupture, leading to haemolysis. The magnitude of this effect is higher than the greater vacuum force that is applied during phlebotomy [153]. 
Haemolysis compromises the quality of care that patients who require blood sampling in the ED receive, impacting on LOS, cost and patient safety [150, 161, 167 ]. 
The implementation of strategies to reduce haemolysis rates, such as the use of low-vacuum blood collection tubes [153], is an important step towards developing high-quality practices that improve patient care. Previous studies have shown that samples drawn from a PIVC have higher haemolysis rates compared to samples drawn from new needle phlebotomy [150, 153].
On the other hand, a recent SR demonstrated the validity of laboratory results using blood samples from PIVCs for blood cell counting and biochemistry; although not for blood gases [168, 169]. With specific reference to saline lock catheters, laboratory results have been demonstrated to be valid for cell counts, biochemistry and coagulation analysis [148]. 
Selected haematology, biochemistry, venous blood gases and coagulation parameters have been analysed from blood retrieved from PIVCs used for infusions, including drugs, after discarding an amount of blood aspirated from the catheter line. The results demonstrated the validity of most of the parameters [170]. However, as illustrated in other studies, different laboratory tests might indeed be influenced by collecting blood from existing catheters, especially after the administration of IV therapy [171]. 
Based on the increased risk of haemolysis, blood sampling from IV catheters is not endorsed by the organisations that evaluated the evidence in order to develop recommendations (WHO, EFLM) [18, 20]. As set out in the evidence reviewed for questions 8 and 10, PIVCs are not approved for blood collection. Their use as such is off-label, and a local documented risk stratification needs to be performed prior to this intended use.

[bookmark: _heading=h.tyjcwt] Key question
In adult ED patients with a new placed PIVC, including catheters with infusions in place, are blood samples drawn from the peripheral intravenous catheter (PIVC) admissible, compared to a new venepuncture.
Population: In adult patients with established peripheral venous access in the prehospital or ED, and indication for a blood test.
Intervention: Blood samples drawn from the PIVC.
Comparison: Blood samples drawn from a new venepuncture.
Outcome: Validity of the test results, haemolysis rate.
 
Haemolysis rate was the only used outcome due to limited studies suitable for appraisal in the other selected outcomes, based on the validity of the results.

Recommendation
In adult ED patients blood samples should be drawn through new venipunctures. 
In the process of placing a new peripheral venous catheter with a needle gauge ≤ 18, we suggest that blood samples could be drawn through PIVC, after risk/benefit analysis, and following the proper SOP to reduce risks. In any case, precautions such as the use of low-vacuum tubes or manual aspiration is recommended. 
The risk analysis should include the contraindications of a new venepuncture and the estimation of the haemolysis risk using the new placed PIVC.
Quality of the evidence
Overall quality of evidence for the endpoint haemolysis is VERY LOW
Strength of the recommendation 
A weak recommendation, with very low quality of evidence;2D GRADE

 Justification
The appraised papers included an SR [86] featuring seven studies. In four of these the results were consistent: haemolysis rates were higher in samples taken from PIVCs, with a net benefit in haemolysis reduction when sampling via a new venipuncture, leading to a drop in the haemolysis rate from 17.6% to 5.3%. Only two small observational studies in the SR did not demonstrate a significant difference between samples drawn through the two different sources.  Overall, this SR supports the recommendation of a new venipuncture for blood sampling to avoid the higher risk of haemolysis when drawing blood from a PIVC. 

Risk benefit
Haemolysis is one of the main reasons for sample rejection, but haemolysis is a multifactorial undesirable consequence. The three most significant contributing factors to haemolysis are the sampling technique; training of professionals; and transport of the sample. In particular, the use of a PIVC and vacuum techniques for sampling play an important role [172]. In this context, an accurate estimate of the benefits of one specific intervention (vein puncture for blood sampling in patients with a PIVC) has important limitations. The estimated reduction in haemolysis rates when the sample is taken from a new venepuncture, versus from the establish PIVC, is 5–15%, without taking into account the grade of haemolysis and the clinical impact of the laboratory results [148]. This reduction also does not take into account the second and third contributing factors set out above. On the other hand, recent publications have not been able to demonstrate differences in haemolysis rates when controlling for other factors [173 174].
Venepuncture is the most common invasive procedure performed in healthcare settings. It is a safe procedure, although not exempt from minor risks. Furthermore, some serious complications, such as cellulitis, phlebitis, reactive hypotension, near syncope, syncope, and seizure activity have been reported, accounting for 3.4% of all phlebotomies [111].  In addition, it is important to consider the fear of the procedure (trypanophobia); the inherent pain associated with it; and the vasovagal complications of the anxiety generated by the procedure. Venepuncture with a metallic needle can also cause haemolysis, affecting up to 5% of blood samples taken in the ED (depending on the grade of adherence to blood collection recommendations) [161]. Therefore this percentage should also be taken into consideration during comparisons. Finally, the manipulation of an established catheter for blood sampling risks potential catheter displacement and infection.

Patient values
Safety is usually the main concern of patients. From the overall perspective of ED performance, a new venepuncture is more time-consuming and more of a procedural threat than extraction from a placed IV catheter, and is an assessment of costs relevant to the section on patient values. 
Subgroup considerations that may be relevant 
Patients with difficult vein access, including [96] burns patients and patients undergoing thrombolysis, should not undergo further venipunctures.
A new venepuncture is recommended in the following cases: patients with a small-diameter PIVC in place (≤20G), due to the direct correlation between reduced catheter diameter and haemolysis rates [175]; patients with a PIVC placed in a vein with limited flow; patients with a PIVC placed on a dorsal hand vein; patients with difficult access [158]. The antecubital fossa is the optimal site for PIVC insertion.
There is consensus that the length of time between the PIVC being placed and blood being drawn from it affects haemolysis rates.  Grant et al. [176]  found significantly higher rates of haemolysis leading to sample rejection when a new PIVC was used compared to venipuncture, and no significant difference when an existing PIVC was used compared to venipuncture. Dietrich et al. [177] also reported higher haemolysis rates when using newly inserted PIVCs than for existing catheters. However, there were confounding factors in this study, including multiple professional groups performing phlebotomy. Additionally, no statistical analyses were performed. Therefore, evidence of higher haemolysis rates when using new PIVCs, compared to existing ones, was classified as poor. 
A new venepuncture is always recommended for the group of patients that requires clarification of the possibility of in vivo haemolysis, or in which a precise determination of the tests more influenced by in vitro haemolysis (LDH, potassium and magnesium, D-dimer, troponins [178] or if bacteriological tests are needed. 

Differences of opinion among the WG
This controversial question led to extensive debate within the working group. However, members of the group unanimously agreed on the recommendation for a new venipuncture, and agreed that aspiration from a PIVC should only be carried out following an extended risk analysis.

Implementation considerations
The use of a PIVC for blood sampling requires consideration of the local SOP for obtaining samples, including the procedure for saline lock catheters. In prior or concurrent use of the cannula for administration of fluid or drugs, the infusion should be stopped for 2–3 minutes, and the first 3–5ml discarded [179,180]. It is extremely important that laboratory professionals develop SOPs for blood collection in collaboration with clinical professionals from the ED.
[bookmark: _Hlk156985594]As an additional precaution, the use of a tourniquet should be avoided if possible. Alternatively, the tourniquet should be applied for <1 minute and released immediately when blood begins to flow [173].
Any special equipment required for the blood collection should be taken into consideration [181], along with the need for training to manage the range of materials required to connect to the catheter, as well as the implementation of closed systems with aspiration.
The preparation of a documented risk stratification for the intended off-label use of PIVCs for blood collection is good practice.
 
Suggestions for monitoring and evaluation
The ED should use the rate of haemolysis per sampling place as a process quality indicator.

Research priorities or future research needs
Research needs to be carried out to evaluate the different SOPs describing sampling processes in established catheters – with or without fluids – in order to provide an evidence-base for recommendations, 165 including evidence for safe practice that supports hospital policies [173].



[bookmark: _heading=h.3tknddduv8gg]10- Effect of the sampling devices, aspiration models, through peripheral intravenous catheters

Background
[bookmark: _Hlk156986919]Compared to open systems (i.e. a syringe), the use of a closed system for blood sampling increases both the quality of the sample procedure and safety levels for the patient and professionals involved. Based on these benefits, closed systems are recommended by several guidelines [18, 100]. They reduce the risk of direct exposure to blood and can prevent contamination. They also ensure that an adequate amount of blood is sampled, avoiding the problem of insufficient sample volume. However, prefill vacuum systems are not free of undesirable effects compared to manual aspiration. The most common issue encountered is haemolysis, the rate of which is higher with vacuum extraction systems compared to manual aspiration [90, 146, 157, 176].
Mrazek et al. [ 153] found that the force (negative pressure) with which blood was drawn through the collection device was the major factor contributing to haemolysis rates, regardless of the type of collection container. Additionally, the authors found that the use of low-vacuum tubes reduces haemolysis rates by lowering negative pressure (suction) during phlebotomy.
Factors that affect haemolysis rates in blood samples drawn from newly placed IVs in the ED include catheter size, the position of the PIVC, the medical staff involved and difficulties in placement [90]. Fernandez et al. [182] found significantly higher haemolysis rates when syringes were used to aspirate specimens compared to evacuated tube systems.
Haemolysis is the most frequent cause of sample rejection [142, 143] in most clinical laboratories, and may lead to unreliable test results, delayed diagnosis or treatment, or the initiation of inappropriate medical actions [183]. Haemolysis rates in samples drawn in the ED have been reported to be higher than in other hospital departments, with a range of 10.7–12.4% versus 1.6–2.9% [154, 166]. The higher levels were seen in the more critical areas. Haemolysis that causes sample rejection affect quality of care and also increases LOS in the ED and cost, as well as impacting patient safety[141].
The blood sampling process, and specifically the use of vacuum extraction systems when compared to manual aspiration systems, is one of the factors associated with increased haemolysis rates in blood samples collected from intravenous catheters [89, 153, 184,]. 
Implementation of strategies to reduce haemolysis rates when sampling via PIVCs is important for developing practices that improve the quality and safety of patient care.
As set out in the previous question (nº 9), it is important to note that PIVCs are not approved for blood collection. As such, the use of PIVCs for blood collection is off-label and a local documented risk stratification needs to be performed prior to this intended use. 
[bookmark: _heading=h.3dy6vkm]Key question
Effect of the sampling devices used through PIVC, vacuum versus manual aspiration.
Population: In adult ED patients with indication for a blood test and PIVC in place.
Intervention: Blood sampling devices, close vacuum systems.
Comparison: Manual aspiration systems.
Outcome: Effect on TAT, haemolysis, haematomas. Users’ acceptance
 
Recommendation
   	To reduce the haemolysis rate as undesirable outcome, we recommend, for patients with already established peripheral intravenous catheters, in whom blood sampling is necessary for laboratory tests, not to sample through the PIVC. 
If after a risk analysis blood is drawn from a PIVC, the professional should use a closed manual aspiration or low vacuum system, to reduce the risk of haemolysis.
The risk analysis should include the contraindications of a new venepuncture and the estimation of haemolysis risk using freshly placed PIVCs.
 
Quality of the evidence
Overall quality of evidence for the endpoint haemolysis is VERY LOW 
Strength of the recommendation 
A weak recommendation, with very low quality of evidence; 2D GRADE
Other outcomes like TAT, local haematomas or users’ acceptance have not been analysed due to the lack of publications. 
 
Justification
The papers reviewed for this question looked at haemolysis as the outcome. Six papers were evaluated: one SR and five observational studies. The results of the SR [86] provided no consensus on how different aspiration methods affect haemolysis rates. The RCT included in the SR reported that the risk of haemolysis when comparing vacuum systems with manual aspiration using a syringe was higher in blood samples collected with vacuum systems from a PIVC, with an OR of 6.0 (95% CI: 2.3 to 15.2) [146].  Fernandez et al. report the same higher rate of haemolysis for sampling through a PIVC using vacuum tubes, with an OR of 2.2 (95% CI: 1.5 to 3.3)  [182]. A reduced risk of haemolysis when manual aspiration is used is also supported by Grant et al. [176].
The other observational studies did not support these findings, reflecting inconsistency in the findings of the SR. However, other observational studies from Cakir et al, Kazezoglu et al., and Millius et al. [185-187], demonstrated the superiority of the manual aspiration technique, with lower haemolysis rates compared to vacuum systems, including closed manual aspiration systems. Only one study failed to statistically demonstrate the superiority of manual aspiration [161], although the blood in this study was drawn with a syringe and then transferred to blood tubes (i.e., an open system, which should be avoided under all circumstances). This study had important limitations due the large amount of missing information regarding the technique used for blood drawing (>50%). All the observational studies [185-187] were graded very low quality, although the existence of consistencies in all of them, and the size of the effect in the results in favour of manual aspiration, with no negative effects, formed the basis for supporting this intervention.
 
Risk benefit
A manual, open aspiration system is associated with negative outcomes, as it leads to an increased risk of biological contamination. In open systems, the use of the syringe to transfer blood from the PIVC to the tube container is listed as one of the causes of issues, including additive carryover between tubes and the start of coagulation in the non-anticoagulated syringe, leading to inaccurate coagulation results [188-190]. A closed system with manual aspiration minimises this risk, and its efficacy and safety were documented in the studies appraised [185-187]. Manual closed system are associated with the greatest drop in haemolysis rates.

Patient values
From the patient’s perspective, this intervention reduces the number of rejected samples and test interpretation errors, with a consequent reduction in the total time spent in the ED. This benefit for the patient is associated with a wider benefit for the ED workflow, with a reduction in ED crowding [142, 183]. 
For the professional involved, an open system increases the risk of biological accident (needle-stick, blood contact) so a closed manual aspiration system should be considered in conjunction with strict application of the SOP. In one paper, nurses reported that they were more comfortable using closed manual aspiration systems, although the quality of the paper was considered to be very low. The overall benefit was assessed as being additional comfort for the patient, and a gain of time that could be dedicated to patient care by reducing unnecessary tasks and stress [187].

Differences of opinion among the WG
There was an extensive debate among WG members based on a reluctance to make a recommendation for a procedure (blood aspiration through a PIVC) that had recognised negative effects on the quality of the blood sampling.

Implementation considerations
The implementation of a new aspiration procedure through a PIVC requires appropriate training, along with SOP design and implementation, including taking safety aspects into account. Training programmes for blood sampling professionals have been shown to be effective in reducing rejection rates and increasing safety for patients and professionals [141, 191]. Considerations for implementing the proposed changes in the blood sampling process, including the use of new materials, requires a suitable training programme combined with a thorough understanding of the causes of collection refusal. Short interventions have proved effective in this context [146]. Documented risk stratification for the intended off-label use of a PIVC for blood collection is mandatory.

Suggestions for monitoring and evaluation
To ensure proper management of the PPP, QIs should include continuous monitoring of rejection rates and haemolysis rates, both in the laboratory and the clinical setting, reflecting the role of clinicians in the PPP and the interrelationship between the ED workflow and the laboratory.
Research priorities or future research needs 
Further research is recommended to clarify the clinical and professional impact of new materials or process modifications, with a focus on professional acceptance of the process and its influence on the clinical decision or outcome. Cost analyses of closed manual aspiration system are required as part of the evaluation of new devices.
No mention of this recommendation that requires attention is made in other blood sampling guidelines, due to the frequent use and the quality implications [18, 100].






[bookmark: _heading=h.16bnmdd0xecm]11 - “Difficult venous access” The use of facilitators; ultrasonography- guided peripheral venous access
Background
Ultrasound (US) is an imaging technique that is becoming increasingly widely used in the ED [192]. US has several advantages over other imaging modalities, including its use of non-ionising radiation, portability, accessibility, non-invasive nature and relatively simple learning curve. US is used for clinical as well as diagnostic purposes. It is of great importance in treating patients (mostly critically ill patients) where diagnosis and appropriate management are time-sensitive [193].
In patients with difficult venous access (DIVA), US can expedite diagnosis by enabling blood samples to be drawn more quickly and easily, and is also associated with fewer side effects [196, 197]. Patients with DIVA include obese patients with a range of comorbidities; hypotensive patients [194, 195]; and patients taking anticoagulation medicine where blind cannulation could generate further complications.
US guidance can increase the safety and efficiency of venous access procedures and offer improved outcomes. The potential for these improvements is compelling, especially among patients with DIVA, who are defined as meeting at least one of the following criteria:
·    More than two failed attempts or previous history of failed attempts, using traditional techniques
·    No visible or palpable veins during the physical examination
·    Anticoagulated patients [96]
 One of the greatest advantages of US is its increase in the success rate of drawing blood on the first attempt, without increasing the risk of complications [198].
 
Key question
In the “Difficult venous access” what is the role of facilitators; ultrasonography- guided peripheral venous access? 
Population: In ED patients (adults) with “difficult venous access”, without indication for central venous access.
Intervention: Ultrasound-guided venipuncture performed by any professional (nurse, technician, physician).
Comparison: 	1. Other interventions (e.g., application of warm tissues, arm bath).
2. Puncture of other locations than the forearm (cervical veins, lower extremities).			
3. Typical care.
Outcome: Pain, infection, number of attempts, time to blood sampling, patient experience, feasibility.

 
Recommendation
We recommend, in patients with difficult vascular peripheral venous access, the use of ultrasound guided access.

Quality of the evidence
The overall quality of evidence for the selected outcomes is HIGH
Strength of the recommendation
It’s a strong recommendation with a high level of evidence; 2A GRADE

 
Justification
When reviewing the use of US-guided vascular access, four papers were appraised: one RCT [197] and three SRs [195, 198, 199] focusing on five different end-points. These were: first venous access attempt; number of attempts; length of the procedure; patient satisfaction; and adverse events.
All four manuscripts were evaluated for the outcome ‘first venous access attempt using US’, with a relatively high level of associated evidence, ranging from moderate to high. All the papers concluded that US-guided vascular access increases the likelihood of successful first cannulation.
In a recent publication, Yalcinli et al. [197] report that the success of the first attempt was higher (56 of 90 (62.2%) vs. 71 of 90 (78.9%), p = 0.014) - in patients who underwent US-guided vascular access, compared with the standard or infrared-guided groups.  Since the study is an RCT, the quality of the evidence was initially graded as high for all outcomes. However, it was downgraded due to imprecision since the event rates were fewer than 300. For this endpoint the evidence was finally rated as moderate.
In an SR published in 2021, Tran et al. [199] found higher success rates using US, with an OR of 2.1, (95% CI 1.65 to 2.7), p< 0.001. The quality of the evidence was considered high. 
In the next SR, Tran et al. [198] found that US-guided cannulation was associated with double the likelihood of a successful first attempt, (OR 2.08; (95% CI, 1.43 to 3.0), p< 0.001). Since all the studies selected were randomised controlled trials, the level of evidence was rated as high. 

Egan et al. [195] confirmed these findings in their SR, which also demonstrated superior success using US (OR 2.42 (95% CI 1.26 to 4.68), p < 0.001). However, in this study the quality of evidence was downgraded to moderate due to minor risk of bias.

Four manuscripts were included in the outcome ‘number of attempts’, with a level of evidence rated between low and high. The purpose of this endpoint was to analyse whether US-guided vascular access could reduce the number of attempts; three of the four studies demonstrated that it did.  

In their SR, Egan G et al. [195] showed that the use of US for peripheral Intravenous access had a weighted mean difference of -0.64 ((95% CI-0.76 to -0.53), p<0.0001) regarding the number of attempts. The study was ranked with a low level of evidence due to serious risks of bias.

[bookmark: _heading=h.3rdcrjn]In an SR including eight studies, Tran et al. [199] reported a standard mean difference (SMD) in the number of attempts between US and standard procedure of -0.272 ((95% CI -0.539 to -0.004), p = 0.047), with a high level of evidence.

In an SR including six studies, Tran QK et al. [198] reported a mean difference (MD) in the number of attempts between US and standard procedure of -0.151 (95% CI -0.311 to 0.010), with a moderate level of evidence due to imprecision issues.
Yalçınlı S, et al. [197] compare in DIVA phlebotomies, three different methods to facilitate cannulation; Ultrasound-guided (USG), standard procedure, and Near-Infrared Light (NIR) transillumination. The authors found differences in terms of the first attempt success rates; 78.9%, 62.2%, and 58.9%, respectively. Sawing the USG group statistically higher rate of success compared with the two other methods (p<0.014). 
Four manuscripts were included for the outcome ‘length of the procedure’, with a level of evidence rated as low to moderate. This endpoint analysed the procedure time to vascular access. Only Yalcinli et al. [197] found that US-guided vascular access was more time-consuming than the standard procedure. The total median IQR procedure time for US and standard methods was 107 (69-228) and 72 (47-134) seconds respectively (p<0,001). The evidence was ranked as moderate due to imprecisions. The other three studies found no difference in the procedure time.
Data regarding the time needed to obtain vascular access are contradictory.  An earlier publication by Costantino et al. [200] found that the use of US-guided vascular access is less time-consuming than the standard procedure, reflecting some controversy in this outcome.
Focusing on patient satisfaction, two papers; SRs by Tran, reported on patient satisfaction. The review published in 2021 [199] describes significantly higher levels of patient satisfaction in the US group (SMD: 1.467 (95% CI 0.92 to 2.012) p < 0.001), with the level of evidence considered to be high, although this finding was not confirmed in their 2022 study [198] (moderate level of evidence).
[bookmark: _Hlk156991450]Only one manuscript was included in the appraisal for the outcome adverse effects. This was assessed as providing a moderate level of evidence. In this review, Tran et al. [198] analysed potential adverse events as catheter extravasations, and found no significant differences when compared to standard care.
The findings in the appraised literature support the recommendation for US-guided venous access, based on higher rates of first attempt success; lower numbers of attempts; no demonstrated longer procedure time; and no demonstrated significant increase in adverse events or patient dissatisfaction with the procedure.
 
Differences of opinion among the WG
There were no conflicting opinions among members of the working group.
Implementation considerations
Training is required before the implementation of US-guided vascular access [201], so a suitable training programme for ED professionals is of paramount importance. Also, availability of equipment is mandatory, and this is linked to associated costs and investment, both in terms of training and materials, compared to the standard method of vascular access.
Training programmes [202] are fundamental to the success of US-guided vascular access, and care needs to be taken to develop appropriate programme content in order to deliver a comprehensive, structured educational programme that includes didactic elements, hands-on training and the application of practical skills [203].
Establishing a group trained in US requires workflow modifications in the ED. 

Suggestions for monitoring and evaluation
Recordings of DIVA rates and the impact of the US programme can be used to monitor and evaluate its success.

Research priorities or future research needs
Evaluation of a protocol for DIVA based on US.


[bookmark: _heading=h.3mnqvvl16ccs]3.  	Post-sampling/transport 


[bookmark: _heading=h.vh98npp7lkrj] 12 - In adult ED patients, does transporting the blood samples via pneumatic tube system affect haemolysis rate, compared to manual transportation?
[bookmark: _heading=h.u67ul05na9jc]Background
Sample transport is one of the preanalytical processes and is often a significant contributing factor to total turnaround time (TAT). If the laboratory is close by samples may be delivered by hand, while for longer distances vehicle transport (car, train, plane or drone) may be necessary. As demands for faster TATs increased over time, sample transportation via pneumatic tube systems (PTSs) became widespread in healthcare facilities. This method is claimed to be not only faster but also less of a drain on personnel resources.
A recent survey involving 376 European EDs [1] found that laboratory testing was performed in a centralised hospital laboratory in 62.6% of facilities, while 27.1% used a combination of centralised and point-of-care-testing (POCT); and the remaining 9.92% of the centres had a dedicated laboratory within the ED. In the group processing blood specimens in a central lab (n=184), the samples were transported via a PTS in 65.2% of cases and manually in 30.4% cases.
Although studies looking at the role of PTSs commenced as early as 1964, and there have been many subsequent observational studies, no general recommendations for or against the use of PTSs for blood sample transportation are currently available, due to the high degree of heterogeneity of these studies [204, 205]. In theory, the mechanical impact on the transported blood sample may cause red blood cells to rupture, leading to haemolysed serum/plasma. Analytical measurements from such samples may result in biased test results and lead to potentially inappropriate medical interventions [23]. However, some authors report that PTS transportation has no impact of on sample haemolysis [206, 207].
The impact on samples that have been transported via PTS may depend on several factors, including the length, speed and g-forces of the PTS; the number of turns and drops; as well as on the potential formation of air bubbles or the type of container inserts; and of course, on the type of tests requested [208, 209]. 
Data loggers have been developed to monitor and document time, temperature and g-forces during sample transportation and proposals for using sample haemolysis as a quality indicator for PTS transportation have been issued [210].
Key question
In adult ED patients, does transporting the blood samples via pneumatic tube systems affect haemolysis rate, compared to manual transportation?
Population: In adult ED patients with indication for a blood test.
Intervention: Use of the pneumatic tube transportation.
Comparison: Pneumatic tube transportation versus manual transportation.
Outcome: Effect on TAT, and haemolysis.
 
Recommendation
If available, the group is in favour of using PTS for sample transportation from the ED to the laboratory to reduce TAT and LOS, especially when EDs are dependent on a central laboratory that is not located near the ED.
Quality of the evidence
Overall quality of evidence for the endpoint haemolysis is VERY LOW
Strength of the recommendation
A weak recommendation in favour of the use of a PTS for sample transportation. Grade of recommendation2D GRADE
 
Justification
The literature that was appraised included four studies: one SR and three cohort studies. In his SR, McCaughey et al. [86] identifies one RCT and two observational studies. The SR reports homogeneous results from Kara et al. [211], Pasqualetti et al. [212], and Ellis et al. [213], showing higher rates of haemolysis in PTSs compared with manual delivery (MaD): 100% (n = 53) versus 16.3% (n = 8), p<0.0001; 10.9% versus 3.3%, p<0.0001; and 9.4% (n = 908) versus 6.6% (n = 655), p<0.001. Böckel-Frohnhofer et al. [214] found a higher haemolysis rate when specimens were collected in lithium heparin tubes.
In an extensive cohort study, Casati et al. [215] found that the percentage of haemolysed samples delivered on ice using a pneumatic tube system was double that of the number delivered on ice via MaD (10% (n=21), vs. 5% (n=34), (p < .01)).  
Wei et al. [216], found a significantly higher haemolysis rate for specimens transported by pneumatic tube compared to MaD. 56.67% of PTS samples were haemolysed, while no haemolysis occurred in MaD. Compared with the MaD samples, levels of free plasma Hb in the PTS samples were significantly higher (MaD: 4.46 ± 3.59 mg/dl; PTS: 59.68 ± 46.89 mg/dl, P< .001).
Another observational study by Saleem et al. [87] found a borderline significant increase in haemolysis rates for specimens transported by these two methods.
These homogeneous results support the conclusion that PTS transport is associated with higher haemolysis rates than manual transport. The strength of the evidence was classified as low.
Only one study was appraised that focused on TAT. In a study with small number of subjects, Raimann et al. [217] reports that transportation time for samples transported via PTS was significantly shorter than for MaD systems: 8 versus 18.5 minutes; p < 0.001. The quality of evidence was classified as very low.
Reduction of TAT depends heavily on local settings, e.g., the distance between the ED and the lab, PTS speed, the location of distribution centres etc.

Risk benefit
Benefit
Blood samples may be transferred faster by pneumatic tubes than by manual transportation.
Risk
The transfer of blood samples via pneumatic tubes seems to be associated with higher haemolysis rates compared to manual transportation.


Patient values
Timely test results lead to a shorter length of stay at the ED, and hence to increased patient satisfaction.
Differences of opinion among the WG
The working group discussed whether samples being tested for haemolysis-sensitive parameters such as lactate dehydrogenase (LD) should always be transported manually. However, the benefit fast transport outweighed the risk of haemolysis.

Subgroup considerations that may be relevant
Patients with a high risk of preanalytical alterations to samples due to PTS transportation (e.g., those with severe leucocytosis) should be identified. The mode of sample transport should be considered in the case of patients whose test results for haemolysis-sensitive parameters (e.g., LD, CK-MB, AST, potassium) show inexplicable deviations.

Implementation considerations
Before installing a new PTS, a cost-benefit analysis should be performed, taking into account the distance between the ED and the laboratory, as well as the possibility of installing POCT testing. Streichert et al. [210] have published practical recommendations on how to determine the haemolysis threshold in samples transported via PTS. In cases where blood is being collected via IV-catheter, an a priori estimation of possible haemolysis rates, based on the blood collection tubes in use, can be carried out by applying the formula published by Mrazek et al. [153].  Additionally, the tube inserts should be carefully evaluated before the system is selected, as their design may be a significant factor in reducing mechanical sample stress [209]. 

Suggestions for monitoring and evaluation
[bookmark: _heading=h.l0wut5ghhips]When choosing to implement PTS transportation, continuous quality assurance measurements, including assessment of haemolysis rates, possibly in conjunction with a tracking device, must be planned. As haemolysis rates have been demonstrated to be higher in samples transported via a PTS, the number of such haemolysed samples should be documented and evaluated on a regular basis. Where an initial sample is rejected due to haemolysis, the replacement should be transferred to the laboratory manually.
[bookmark: _heading=h.2456dwjfojhx]Haemolysis levels need to be reported and acknowledged as part of the evaluation of test results. Ideally, the laboratory should provide this information, including flagging clinically relevant test result biases according to EFLM WG-PRE recommendations [218]. 
[bookmark: _heading=h.hunw3js7cjsq]Research priorities or future research needs
Additional research is required to evaluate ways of reducing the occurrence of haemolysis during PTS transportation, such as through the use of innovative tube inserts [209].
 

 


[bookmark: _heading=h.jqa89myaaq81] 13 - Collection of a standard set of samples in all adult ER patients for future analysis
Background
In some EDs a standard set of samples is collected, despite not all these samples being needed for the required tests. This practice sometimes involves drawing predefined tubes, to allow for add-on testing later if requested. The cost-effectiveness of drawing the extra tubes has not been widely analysed. One study from a single centre [219] concluded that the extra tubes were only used in 2.8% of cases, a low figure that does not support the cost-effectiveness of the process and the authors observed reduction in the use of the extra samples, along the seven years of study.
Optimising blood-testing resources is part of professional patient management. Usually, a test is requested if it is considered essential for patient management and if it adheres to clinical guidance. In consequence, the sampling of blood for tests that are not needed in the evaluation process is difficult to justify.
The studies which have examined the usefulness of this strategy are limited in scope, and the literature search performed for these guidelines only identified one suitable paper [220]. This paper found a reduction in the need for additional blood drawings using the “rainbow draw”, and also noted that the cost was not negligible (more than $60,000 a year for 28,000 annual ED visits). The question is whether the results of this study could be extrapolated to other hospitals. The hospital where the study was performed used a rapid serum tube for some routine chemistry analyses and collected an additional standard serum separator tube for possible add-on testing. However, other hospitals either perform routine chemistry analyses for the ED in plasma separator tubes or standard serum tubes.
A well-established practice is to request additional tests from blood samples already in the lab, but this process is not within the scope of this PICO question.
 
 Key question
Reasonability of collecting a standard set of samples in all adult ER patients for future analysis (Rainbow sampling).
Population: In adult ED patients with indication for a blood test.
Intervention: Collection of standard set of blood samples in all adult ED patients for future analysis.
Comparison: No extra sampling.
Outcome: Need for additional blood drawings, feasibility.
[bookmark: _heading=h.josqquytkri]Time: at the retesting time.

Recommendation
The group does not recommend the collection of a standard set of samples in all adult ER patients for future analysis.


Justification
The literature search performed for this project only identified one study [220].This found a reduction in the need for additional blood drawings using the “rainbow draw”, and also noted that the cost was not negligible (more than $60,000 a year).
Risk benefit
Benefit
No need for additional phlebotomy.
A shorter TAT to obtaining results of add-on tests can result in the patient being discharged faster.
Risk
Iatrogenic anaemia due to collection of unnecessary blood samples has been described in paediatric and adult trauma patients [221].
Decreasing quality of samples when stored as whole blood for a longer period of time. 
The unused blood samples is also a concern for the generalisation of this practice. - 
Cost
Substantial cost of additional blood tubes in the study by Snozek et al. [220] (more than $60,000 a year)
 Balance
No consensus recommendation. Only one study was identified during the literature search, the results of which cannot straightforwardly be extrapolated to other hospitals. The risk/benefit ratio will depend on local factors.
 
Patient values
A shorter TAT can result in a shorter time to discharge for the patient.

Differences of opinion among the WG
There were no conflicting opinions among members of the working group.

Subgroup considerations that may be relevant
In patients with (iatrogenic) anaemia and paediatric patients, only samples that are necessary should be collected.
When a patient is severely ill but without an evident diagnosis, and the anatomy for blood sampling is difficult, clinicians might consider taking extra samples for possible future analysis.
 Implementation considerations
If the collection of additional, primarily unnecessary, samples is being considered, a number of factors should be taken into account. These include the preanalytical conditions; the tests that it is assumed will be ordered from these tubes; and the maximum desired storage times. These factors need to be discussed with the local laboratory, with storage times based on current stability study results [222]. 

Suggestions for monitoring and evaluation 
As there is no consensus recommendation, no suggestions for monitoring and evaluation were put forward.
     
Research priorities or future research needs
The WG considers that the topic does not merit extra research with the actual information.

[bookmark: _heading=h.fft9lv7ligqm]14- Blood sampling for blood cultures

Background
[bookmark: _Hlk156992362]Blood cultures (BCs) collected in the ED form the basis of targeted antibiotic therapy in suspected cases of sepsis. As BCs are incubated for a certain amount of time in order to multiply bacteria or fungi, special care needs to be taken to avoid any form of contamination. Skin bacteria from non-clean, non-sterile puncture sites are a common source of such contaminations, with reported contamination rates ranging from 0.8% to 23% of all BCs [223].The Clinical and Laboratory Standards Institute (CLSI) Guideline on BC collection and handling recommends keeping contamination rates below 3% [224]. False positive BCs (FPBCs) are not only a severe patient risk due to inadequate treatment, but are also associated with significantly increased hospital and laboratory charges [225]. In conjunction with adherence to relevant guidelines and appropriate skin disinfection prior to phlebotomy, a sterile collection procedure might additionally reduce contamination rates, compared to the traditional clean process [226, 227]. 
Sources of blood culture contamination are numerous [228] and one of the major contributing factors is the collection of blood through existing IV catheters following inadequate antisepsis in the access area of the intravenous device (e.g., Luer connector). By comparison, collection of blood via peripheral venepuncture have been reported to be associated with lower contamination rates [229, 230]. However, in order to avoid additional phlebotomy for blood culture collection, especially in patients with difficult venous access, collection from intravenous catheters may be appropriate in certain circumstances. 

Key question
Blood sampling for BC, using existing peripheral intravenous catheters versus new venipuncture
Population: In adult ED patients with BC indication.
Intervention BC from PIV catheter lines
Comparison BC from new venipunctures
Outcome: Rate of contaminated specimens.

Recommendation 
We suggest that in case of BC collections in EDs in adult patients, a new phlebotomy should be preferred over collection from available catheter lines to minimise the risk of sample contamination. In any case, we suggest discarding the first few ml of blood either by using a discard tube or initial specimen diversion devices when sampling is done through a PIVC. 

Quality of the evidence
Overall quality of evidence for the endpoint false positive BC is VERY LOW
Strength of the recommendation
A weak recommendation in favour of the use of a new venepuncture; 2D GRADE

Justification
[bookmark: _heading=h.wlxq35rvdu5g]The two studies that were appraised (Arenas et al. [231]  and Rupp et al. [232]) pointed towards a reduction in BC contamination rates and lower false positive rates when a novel specimen collection/diversion system was used [233]. 
[bookmark: _heading=h.gxze2dnexfwl]Studies comparing contamination rates in BCs collected from peripheral veins versus intravenous catheters all conclude that contamination rates are higher with the latter collection method [229, 230]. In the absence of further evidence, specifically for the ED setting, it must be assumed the same facts apply here. The results suggest that more evidence is needed to establish the appropriateness of using diversion devices.
The effect of sterile gloves in blood sampling is addressed in question 6. 
Risk benefit
[bookmark: _heading=h.x4xbuxchgtcz]Collecting BCs from existing intravenous catheters may result in a higher rate of sample contamination, compared to separate venepuncture. Subsequent medical choices might be misinformed by false positive blood culture testing.
[bookmark: _heading=h.6monlajzobzb]Conversely collection of blood cultures from catheter lines means the phlebotomist does not need to take an additional sample, and the patient does not need to undergo an additional puncture. 
[bookmark: _heading=h.jj8albfy8vbi]
Patient values
[bookmark: _heading=h.mksiml8q53h0]We believe that following procedures that are most likely to ensure accurate test results should always be preferable to time-saving actions. Therefore, performing a separate venepuncture, and thereby minimising blood culture contamination rates, contributes far more to patient safety than collecting blood using existing intravenous catheters.
[bookmark: _heading=h.ey8z8bv36ic4]
Differences of opinion among the WG 
[bookmark: _heading=h.r32r0hnouxuu]There were no conflicting opinions among members of the working group.
[bookmark: _heading=h.146ho6mect05]
Implementation considerations
[bookmark: _heading=h.imtx1fo7mqgd]When introducing new medical processes and materials, such the use of an initial specimen diversion device, appropriate training of the medical staff performing phlebotomy is required.
[bookmark: _heading=h.dnqm7aieoq7g]In cases of high (>3%) or increasing contamination rates, retraining of the entire blood culture collection team should be carried out.

Suggestions for monitoring and evaluation 
[bookmark: _heading=h.mog1gqynvn4p]Blood culture contamination rates should be documented and evaluated on a regular basis as a quality process indicator. 

Research priorities or future research needs
Prospective, randomised and controlled studies are needed to specifically compare the contamination risk of BC samples drawn from a PIVC versus a new venepuncture in an ED setting. 
[bookmark: _heading=h.b76phx4xwdsw]
[bookmark: _heading=h.d4aohtxowdpl]
[bookmark: _heading=h.f5ymb1byj1v3] 
[bookmark: _heading=h.v2pc1lhjc69]

[bookmark: _heading=h.1t3h5sf]4. Quality assurance 

Quality indicators (QIs) can be thought of as key performance indicators (KPIs) for maintaining and improving quality in patient care [234]. The use of KPIs is well established and they are widely used in most medical laboratories and clinical settings [235]. Such indicators can be any measure (frequency, time, occurrence etc.) that is important to assess quality, but for the most part they represent the number of errors within a process. After retrieval, QIs need to be documented and monitored over time, and ideally benchmarked against other healthcare institutions [236, 237]. Additionally, written standard operating procedures (SOPs) [234-236] need to be available, indicating what to do when QI numbers deviate above or below a certain threshold, with the goal being continuous quality improvement.
Most errors in laboratory processes occur during the preanalytical phase, and the rate of preanalytical mistakes is higher in the ED compared to other departments [238]. There are several well-established indicators reflecting preanalytical phase process quality which are directly correlated with the reliability of laboratory values. Monitoring and quality management of these indicators significantly influences patient safety, as well as the patient's LOS in the ED. Among the most common preanalytical errors are the rate of sample haemolysis; sample underfilling; and misidentification errors. Monitoring these can help to identify preanalytical quality failures [6, 153]. Based on the frequency of their occurrence, additional QIs may be introduced, depending on the local setting.
It is important for EDs that laboratory values are both reliable and available swiftly. This is particularly true for laboratory markers that are of immediate relevance for therapy, such as blood glucose, electrolytes or blood gas, but is also relevant for diagnostic biomarkers like troponin which indicate cellular injury of specific organ systems. Therefore, in addition to the aforementioned QIs, total turnaround time (TAT) is a QI that is particularly relevant to the ED process. It can be defined as the period from physician test selection to result retrieval. TAT comprises a large number of elements and its deterioration can be due to a wide range of factors in the preanalytical, analytical, and/or postanalytical phase. It includes transportation time as well as the core laboratory process, plus the time the physician takes to retrieve the results. It is affected by all the above-mentioned QIs because non-adherence to the quality standards for these indicators, such as underfilling, could trigger the need for a repetition of the whole process. As a result, quality indicators for the preanalytical phase within EDs cannot be neglected, as they also affect TAT. 
Point of care testing (POCT) could be an effective method for reducing TATs. However, the same quality standards apply to POCT as they do to routine laboratory tests, even though POCT is mostly performed by ED personnel, rather than trained laboratory staff. This means there is a need for written SOPs on the use and quality control of the instruments, including QIs for the quality control of preanalytical errors such as haemolysis, sample underfilling and misidentification errors [239 240].
Several free-to-use platforms are available for the documentation, monitoring and benchmarking of laboratory-specific QIs. The most prominent one is the Model of QIs, developed by the International Federation of Clinical Chemistry and Laboratory Medicine (IFCC) working group on laboratory errors and patient safety (WGLEPS) [241]. Additionally, there are some national initiatives such as the US College of American Pathologists’ Q-Tracks programme [242] and the Australian Key Incident Monitoring and Management System (KIMMS) [243], as well as a German language database solely for haemolysis data [].244


[bookmark: _heading=h.q332s51q2g92]15 - Effect of Point of Care Testing (POCT) on the quality of the laboratory process 

Background
Time is essential in an emergency setting. Obtaining specific laboratory results as quickly as possible is mandatory in a range of clinical situations and has the potential to improve patient flow and reduce overcrowding in the ED. As a result, TAT is an important KPI for the ED-laboratory process chain. POCT eliminates the time taken to transport the blood sample to the laboratory, and thus has the potential to reduce TAT when compared to central laboratory testing, depending on the local conditions. POCT can also help physicians make decisions regarding diagnoses and treatment within minutes at the point of care. 
However, there are many aspects to consider prior to introducing POCT to the ED. Some devices, such as blood gas analysers, have no true equivalent in the laboratory and are therefore indispensable. Other tests, such as blood glucose are often more costly when measured on a POCT device than the high-throughput devices that are used in dedicated laboratories. POCT instruments are often not connected to the laboratory or hospital information system and operated by not properly trained staff, and are hence prone to errors in the analytical phase. Additionally, preanalytical errors such as haemolysis rates are not routinely checked in POCT settings [245].
The use of POCT reduces or avoids transportation time and paves the way for faster clinical action. This is particularly important for determining levels of metabolites such as glucose and lactate, as well as blood gas and electrolytes [246]. In the majority of hospitals POCT is used for specific parameters within the ED and ICU. High-quality patient care requires early diagnosis, which is achieved by eliminating pre- and postanalytical errors and delays. Blood testing is associated with prolonged length of stay [247]. Intralaboratory TATs for Standard Analyses usually range from 30–45 minutes, or 10–15 minutes for haematological analyses (no centrifugation required). When transportation times are added, the total TAT [247] from test request to result retrieval may exceed 60 minutes, compared to 10–25 minutes for POCT, depending on the parameter being tested for and the local setting.
Many studies on POCT report a reduced length of stay within the ED (although the majority focus on selected tests and limited patient populations) [248-250]. Based on this outcome, POCT increases the satisfaction of emergency medicine physicians with the laboratory process. However [251], others have also reported that a POCT strategy alone has not necessarily reduced LOS, or that it has only had an effect on certain groups of patients [252]. Some monocentric studies on POCT have demonstrated its diagnostic accuracy [253, 254] in addition to process improvement.
The full benefit of POCT is obtained when it is implemented together with process redesign, as reported by Larsson [255-257]. When used properly, POCT can lead to a range of improvements in the quality and efficiency of care. (Larsson A, et al.) [257]. With regard to turnaround times, it is important to acknowledge that POCT is only one of several options to reduce TATs. The choice of which action could reduce TAT most effectively depends on the specific local conditions of each hospital.
If the decision is made to implement POCT in the ED, it is important to bear in mind that many mandatory regulations apply with respect to quality control. As well as national regulations, there are international standards such as the ISO 15189:2022 guideline on POCT [258] which requires multidisciplinary consensus decisions on implementation, analytical quality and comparability, user education, clear responsibilities, documented traceback of all measurements, and adherence to commonly accepted quality standards, including daily internal and regular external quality control. Adhering to these regulations is critical to ensure the quality of the analyses performed, which is even more important than reducing the TAT for patient diagnosis.

Key question
What is the effect of POCT for the working process in the ED, using TAT as the main outcome?
Population: In adult ED patients with indication for a blood test.
Intervention: Implementation of POCT in the ED for blood sampling analysis, including biomarkers, and blood gasses.
Comparison: Blood analysis done in the central laboratory. 
Outcome: Effect on Turnaround time (TAT), rejected samples rate, professionals’ satisfaction.

Recommendation
We recommend POCT as one possibility to reduce the total TAT after interdisciplinary risk/benefit analysis under consideration of the below-mentioned circumstances.  
Quality of the evidence
Overall quality of evidence for the endpoint TAT is VERY LOW
Strength of the recommendation
A weak recommendation in favour of the POC implementation, using TAT as outcome; 2D GRADE

Justification
Seven papers were appraised looking at two different outcomes: treatment time (TT, or total time from doctor contact to final disposition), and patient satisfaction.
[bookmark: _heading=h.26in1rg]Six papers were reviewed for TT. Goldstein’s  et al.RCT [259]  featured two branches; the control branch followed the standard workflow, with tests carried out at the onsite hospital laboratory following evaluation of the patient by medical staff. The enhanced workflow branch followed a pathway using POCT. The study concluded that there was a clear reduction in TT in the enhanced workflow for any combination of the tests performed. One substantial limitation was the inclusion of a change in the patient workflow in the enhanced branch, namely that any tests that were required prior to contact with the doctor. This can limit the application in many ED settings.  Furthermore, the study only looked at a range of selected complaints (abdominal pain, dyspnoea, mental status alteration) limiting its application. 
The other papers that were appraised were cohort design studies, including the following which focused on specific conditions, such as stroke, chest pain and trauma.
Bargnoux et al. [260] analysed the inclusion of creatinine in the POC panel (tests available), of stroke patients, using the time to CT as the outcome. Including creatinine in POCTs reduced the time to CT from 2.57 hours (95%CI 1.53 to 3.48) to 1.73 hours (95%CI 0.75 to 3.01). Han et al. [261] found that including the INR time in the POCT panel for non-haemorrhagic stroke patients was quick and reliable and played a pivotal role in expediting thrombolysis. The door-to-IPA time was decreased from 46 minutes (IQR, 36.0 to 57.0) based on results from the central laboratory, to 23 minutes (IQR, 16.0 to 29.8) with the use of POCT for the INR calculation.
In patients with chest pain, Hight et al. [262] compared the measurement of troponin I using POCT, with troponin T tested via a central laboratory. The median time to results for the troponin and conventional assays were 11 minutes (IQR 10:00 to 15:30) and 40 minutes (IQR 31 to 30 & 52 to 30) respectively (p < 0.001). As most POCT devices only measure non-hsTn? [263] the detection of biomarker dynamics takes longer, meaning that patients with intermediate troponin concentrations spend at least three hours in the ED. This can be shortened substantially when using high-sensitive (hsTn) testing carried out via a central laboratory [264]. In this specific circumstance, it should be noted that the preferred recommended method for the diagnosis of non-ST elevated myocardial infarction (NSTEMI) is the use of high-sensitive troponin (hsTn) assays [265].
Spagnolello et al. [266] compared laboratory (viscoelastic) coagulation testing and POCT coagulation testing (CCT) in trauma patients, study that includes a group of patients. CCT was performed at admission as part of standard care, in addition to thromboelastometry viscoelastic coagulation testing using the ROTEM Sigma instrument. The median time from admission to CCT results. via POCT was 83 minutes (IQR 60–93), compared to 51 minutes (IQR 32–93); p = 0.0006 for ROTEM A5 results. However, it should be noted that the methods are not comparable in terms of diagnostic usefulness. While it is difficult to detect some coagulation disorders with the ROTEM test, other symptoms such as hyperfibrinolysis are not detectable by CCT. Therefore, viscoelastic methods have a clinical role in perioperative coagulation, as well as in trauma patients, but not preoperatively or as the sole method for coagulation disorder detection [267]. A combination of CCT and viscoelastic methods would seem to be optimal.
Finally, in undifferentiated patients visiting the ED in Helsinki, Kankaanpaa et al. [256] found that those in the POCT track had shorter TATs compared with standard care. The POCT track was faster both for patients that were discharged home and those who were admitted. In discharged patient’s blood test results were available 1:01 minutes faster (POCT results 00:06 (95% CI 0:05 to 0:07) versus lab-based results 1:07 (95% CI 1:01 to 1:13), p < 0.001), while in admitted patients time to results was 1:39 min faster (0:06 (95% CI 0:04 to 0:07) versus 1:45(95% CI 1:33 to 1:57), p < 0.001). However, ED LOS for the POCT track was only shorter in the group of patients who were discharged home (55 minutes faster in patients who didn’t require imaging (4:57 (95% CI 3:59 to 6:17) vs. 5:52(95% CI 5:21 to 6:35), p = 0.012) and 1 hour 22 minutes faster with imaging (5:48 (95% CI 5:26 to 6:18) vs. 7:10 (95% CI 6:47 to 8:26), p = 0.010). A reduction in LOS was not seen among those patients who were admitted to hospital.
Although all the studies found a significantly shorter treatment time, reduced time to results, and reduced patient waiting time for POCTs in comparison to standard care (laboratory analysis), the quality of the evidence was classified as very low (D) due to risk of bias, limiting the strength of this recommendation.
Looking at the outcome ‘users’ satisfaction’, Goldstein’s et al. [251] study, which was a CT, compared the standard workflow with a workflow based on POCT using user opinion (doctors’) as the determinant. In the POCT workflow model, the tests, including ECG and low radiation tests, were carried out before contact with the doctor. In this case the user’s (the doctor’s) opinion was clearly in favour of the POCT-based workflow. However, replicating the findings of the study would require a substantial change in ED workflow, as requesting tests before contact with a doctor is not practical in many ED settings. This study was graded as moderate, and was limited by imprecision due to the small number of participants. 
As a key message, POCT should be considered if process improvement is required, but the decision on whether to introduce it must be based on patient benefits.

Risk benefit
Depending on the local setting, the drawbacks of POCT may be less day-to-day and external quality control when not supervised by the laboratory and operation by inexperienced and less well-trained personnel.245 The overall costs for purchase and maintenance may be higher, including the working time of ED physicians and nurses, which compounds the higher costs of a single test. The benefits of POCT have only been demonstrated in monocentric studies. The findings are not generalisable and are only applicable in settings where analytical process times cannot be reduced by other organisational actions (e.g., faster lab transport, specific laboratory SOPs for ED samples etc.). 
Additionally, it is crucial to note that haemolysis, a major cause of biased laboratory test results, is not regularly examined in whole blood samples when performing POCTs, potentially increasing the risk of misinterpretation and incorrect medical action (e.g., potassium levels being overestimated). In a study evaluating 550 POCT potassium readings, the authors found that 22% of patients who were considered normokalemic were actually hypokalemic and 14% of patients who were hyperkalemic were actually normokalemic [268]. These results were supported by Duhalde et al., Nigro et al. and O’Hara et al. [269-271],who found that 7.9%, 12% and 40% of POCT samples respectively had undetected haemolysis. The latter study also stated that 5 out of every 100 admissions had their patient care altered as a result of the biased potassium values. 
Depending on local needs, POCT can improve the analytical process in the ED, and thus improve satisfaction levels among emergency physicians.

Patient values
Patients whose condition and treatment depend on timely blood analysis (e.g., chest pain (troponin), SOB, stroke, INR, massive transfusion need) are the group in which the benefit is more substantial.

Differences of opinion among the WG
The decision to introduce POCT within the ED is a compromise between the need for short TATs, and the fact that POCT often offers less well-advanced and less well-controlled testing methods, performed by ED personnel who are often times not well trained to avoid common preanalytical errors. Finding practical yet high-quality solutions require interdisciplinary collaboration between emergency physicians and laboratory specialists.

Subgroup considerations that may be relevant
Patients admitted to the ED with chest pain, SOB, stroke or the need for massive transfusion have the most to gain from a reduction in TAT.

Implementation considerations
Prior to the implementation of POCT, quality control for the total analytical process has to be considered to ensure that it follows the same rules as laboratory analysis in the central laboratory. POCT needs to be incorporated into a standardised quality-controlled analytical process which is comprehensive and involves all professions, particularly laboratory professionals, who must share responsibility for the analytical process, to ensure adherence to according guidelines (i.e., ISO 15189:2022, guideline [258]). Guidance on which factors should be considered prior to the implementation of POCT in the ED have been published elsewhere [272].
An interdisciplinary and interprofessional committee should define the scope of the POCT, and be responsible for overseeing all aspects of a high-quality POCT programme [272]. This committee should also assess the workflow process and its implications on the workload of the various professions involved. A staff member from the ED who is responsible for continuous education, device maintenance, ordering the consumables and error handling, must be appointed.
[bookmark: _heading=h.4d34og8]The POCT programme has to meet mandatory quality standards such as ISO 15189:2022, [243]  plus internal and external quality assurance standards. It must also include documentation of test results in the hospital information system, including all relevant information, such as date, time, user, patient, valid calibration and QC controls. SOPs must be developed for the entire testing process, including reporting, with defined and documented processes for scenarios including failed QCs. 
Continuous education of all personnel handling POCT devices is mandatory and needs to be properly documented.
Workflow processes in the ED must be reviewed with a focus on the workload of professionals.
The availability of appliances and consumables must be guaranteed.
A cost-benefit analysis needs to be carried out in order to establish the financial impact of POCT.

Research priorities or future research needs
In most hospitals POCT is solely an adjunct to routine laboratory processes, and its effect on test duplication needs to be formally evaluated.
Making the choice between POCT and standard laboratory processing needs to be based on defined scientific criteria. The effect of POCT on the diagnostic and therapeutic strategy needs to be evaluated.
Finally, there is a lack of randomised multicentric studies that compare POCT with central laboratory testing with regard to clinical impact (LOS, mortality) and other outcome parameters. 

[bookmark: _heading=h.2s8eyo1]16. Impact of monitoring preanalytical blood sampling quality indicators in management for ED blood samples.  

Background
EDs provide complex medical services, which aim to deliver timely and appropriate care to every patient seeking medical treatment, based on reliable clinical information. 
The complexity of the current healthcare environment, combined with an increase in patient expectations, has increased the potential for medical errors, which contribute to more than a million injuries and between 44,000 and 98,000 deaths in hospitals annually [273, 274]. These numbers make hospital-based errors the eighth leading cause of death in the United States, ahead of breast cancer, AIDS and motor vehicle accidents [275].  In addition, these errors have been shown to result in 2.4 million extra days of hospitalisation and a possible increase in hospital costs of $17 billion [276, 277]. Reducing these errors requires the concerted effort of a range of stakeholders, including healthcare organisations, product manufacturers, policy makers, physicians, and nurses [278 279].
Laboratory testing provides essential information that is used by physicians in the majority of medical decision-making [280]. However, this critical component of healthcare is also a key source of errors which may affect patient safety [281]. Errors may occur in each phase of the testing process: preanalytical, analytical and postanalytical. The preanalytical phase is a complex process, encompassing steps that occur outside as well as inside the laboratory. Attempts to reduce errors should begin with a review of the sources of these errors. The most frequently encountered causes of preanalytical errors are haemolysis, incorrect patient identification, insufficient sample volume, and clotted specimens [282]. Each of these variables has the potential to adversely affect the quality of laboratory test results. Studies have estimated that 26% of these variables may result in unnecessary investigations or inappropriate treatment [281].
Specimen rejection because of preanalytical errors also causes delays, ultimately leading to prolonged LOS at the ED. A prolonged diagnostic stage also delays therapeutic interventions, and leads to discomfort for the patient if additional venipunctures are required. There is also the potential for a missed or incorrect diagnosis to occur. This could be associated with considerable liabilities, placing an economic burden on the hospital, on the physician in charge as well as on laboratory budgets [283, 284].
 The reliability of laboratory values obtained from testing depends on the quality of the TTP. The generation of any laboratory test result in this TTP involves eight consecutive steps: ordering, collection, identification, transportation, separation or preparation, analysis, reporting and action [285 286]. Emergency medicine is mainly responsible for the preanalytical phase and critically depends on the fastest possible return of the results, and thus on a short TAT. The TTP for emergency values involves several medical professions, and at least two different hospital departments (the ED and the laboratory) and is facilitated by appropriate hospital information technology.
Given the importance of a robust and comprehensive TTP for laboratory values, ED and laboratory staff need to be aware of the critical importance of quality assurance in the preanalytical and analytical phases of blood sample processing for patients in the ED. The preanalytical phase is particularly prone to quality deficits [6]. 
Quality assurance systems must be established in order to detect and correct such deficits. A recent survey demonstrated that only 32% of clinical departments and 80% of laboratory departments staff in hospitals in Austria, Germany and Switzerland were aware of TAT as one of the most relevant quality parameters for emergency situations [287].
Quality management depends on identification of quality indicators, and a subsequent quality improvement process (e.g., the PDCA cycle) [19 288]. To deliver this, key performance indicators (KPIs) must be defined. Several quality indicators have been defined by the IFCC WG-LEPS including the free to use possibility to document, monitor and compare numbers within the “Model of Quality Indicators” (MQI) system [19, 234, 290, 295]. Data linked to these parameters should be automatically generated and retrievable from an IT system in order to measure the effects of a quality improvement programme [289]. A extend review has recently been publish by Sciacovelli et al., highlighting the importance of using KPIs in the preanalytical phase [290].
[bookmark: _heading=h.lnxbz9]The present guideline evaluated the literature relating to quality management during the preanalytical phase. Specifically, it evaluated whether the monitoring of KPIs can help to improve the quality of the preanalytical process, and which KPIs have proved valuable in the detection of sampling problems. 
For more information on quality assurance, please see the chapter 4 introduction.
 
Key question
Impact of monitoring preanalytical blood sampling quality indicators in management for ED blood samples.
Population: In adult ED patients with indication for a blood test.
Intervention: Systematic implementation of quality indicators such as sampling problems detection and TAT as part of a quality assurance program.
Comparison: No quality assurance program.
Outcome: Reduction of rejected number of samples due to haemolysis, underfilling and other causes for sample rejection as well as effect on TAT 

Recommendation
We recommend the selection and implementation of quality indicators/key performance indicators to support the ED and laboratory teams in improving the preanalytical, analytical and postanalytical process of ED blood samples. 
Suitable quality indicators are the contamination rate of blood cultures, duplicate chemistry tests, misidentification errors and various other rejection reasons such as haemolysis, underfilling, clotting and others. We recommend including TAT as a KPI for ED laboratory processes
Quality of the evidence
Level of evidence is VERY LOW
Strength of the recommendation
Based on a very low quality of the evidence the group considers this recommendation as a Good Practice.

Justification
Four papers reported the results of studies on the effects of quality improvement programmes which were explicitly focused on laboratory tests ordered by an ED. The studies were monocentric and observational and differed in the selection of quality indicators.
The studies were appraised for the following quality indicators:
· Duplicate chemistry tests [291]
· Contamination rate of blood cultures [289]
· Various reasons for sample rejection (haemolysis, underfilling, clotting) [50, 292] 
Venkatesh et al. [291] and Al-Hamad et al. [293] reported that quality improvement programmes succeeded in reducing the contamination rate of blood cultures and the number of duplicates in chemistry tests. Rooper et al. []50 defined possible quality indicators with relevance to ED blood samples, while Gupta et al. [292] reported on the positive effect of a quality improvement initiative. In this study, however, several steps were introduced to improve quality, but it was not possible to identify which step was the most effective.
Every study reported a positive effect based on the introduction of the quality improvement programme, although there was a risk of bias because no confounding factor adjustment was performed. Additionally, some changes which were implemented in the quality improvement programmes described could not easily be introduced in all settings. For example, in the study by Gupta et al., [292] blood sampling was performed by specialised phlebotomists. This specific quality measure could probably not be implemented routinely in every ED.
Although laboratory value TAT is of critical importance within the ED, and it is known that the preanalytical phase, which includes transport to the laboratory, is particularly prone to negatively affecting the TAT, no specific report on quality improvement initiatives to improve the TAT was found in the literature, with the exception of the recent publication (Sciacobelli) [290]. 
     
Risk benefit
Benefit
Implementing ED-laboratory process quality indicators and integrating these into a quality improvement programme has been shown to improve the preanalytical and analytical process, thereby significantly improving the validity of laboratory results and reducing rejection rates, overall, TAT and LOS within the ED.  
Risk
The definition of KPIs and the establishment of a quality improvement programme requires the commitment of all stakeholders (ED nurses and physicians, laboratory assistants and physicians, as well as the ICT team. Quality management requires investment in time, money and education [243]. Without professional guidance and specifically allocated financial resources, active quality management is likely to fail.
Implementation considerations
Implementing ED-laboratory process quality indicators can improve the preanalytical and analytical process, with significant benefits and only minor undesirable effects. A multiprofessional group from the ED and the laboratory should be constituted to select appropriate quality indicators, including their format [294, 295], as well as to review the quality management process. This should include initiating steps to improve the quality of samples and reduce the number of rejected samples. Regular educational sessions are important, and systematic interventions based on root cause analysis could be useful in order to solve issues relating to high specimen rejection rates. An electronic system should be put in place to ensure adequate KPI documentation. 
Differences of opinion among the WG
There were no conflicting opinions among members of the working group.
Suggestions for monitoring and evaluation 
The inclusion of QIs orientated to the PPP on the ED dashboard shared with the laboratory must include the following as a minimum: TAT, sample rejection rates, haemolysis rates, and false positive blood culture rates.
Research priorities or future research needs
Identification of robust KPIs based on solid endpoints of the ED process.
Identification of the interventions that are most effective in reducing the rejection rate of blood specimens. 
An evaluation of the effect of implementing QI programmes on the TTP in EDs, with a particular focus on TAT with regard to relevant KPIs and defined clinical outcome parameters. 

[bookmark: _heading=h.17dp8vu]	
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