MD Olivier Garraud 
email: olivier.garraud@univ-st-etienne.fr
  
Tomislav Vuk 
  
Anneke Brand 
  
Vincenzo De Angelis 
  
Constantina Politis 
  
Antoine Haddad 
  
Alexander P J Vlaar 
  
Nigar Miquel Lozano 
  
Ertuğrul Örüç 
  
Stefan Laspina 
  
Vincenzo De Angelis 
  
Nigar Ertug 
  
; Rul 
  
O< Ru< Ç1 
  
Jean-Daniel Tissot 
  
  
  
in transfusion medicine, part II: Moving forward to building up a "Know How" education program in transfusion medicine for under-graduate medical students

Keywords: transfusion medicine, education, medical students

niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Introduction

It is general expert opinion that education programs for under-graduate medical students frequently do not achieve their objectives. More specifically, two major issues have a substantial impact on this: (i) one relates to the enormous workload that students have to deal with (this workload leads to now well acknowledged psychological health problem referred to as burnout syndrome); and (ii) the other relates to curriculum content. Medical curricula may appear "disorganized" as a result of multilayer additions over time, and little, if any, in-depth revision to alleviate redundant, obsolete or irrelevant items. A profound reorganization of the curricula would thus be necessary in order for them to be more effective and proficient. It would be immensely valuable to redesign objectives, content, pedagogic development (methods) and evaluation procedures to ensure the preparation of medical students to become "good" doctors [START_REF] Peedin | The top 10 things to know about transfusion medicine before intern years: An evidence-based course for graduating medical students[END_REF]. This idea is not revolutionary as the concept was beautifully set up by the French humanist Michel de Montaigne during the XVI th Century, stating: "Que sais-je?" ("What do I know?"). What would apply to medical studies in general would be valid in the field of transfusion medicine as well. A recent survey carried out in one French university hospital revealed that interns and residents do not possess the expected knowledge that would be required for properly caring for patients who may need to be transfused [START_REF] Bouchrim | Residents' knowledge in transfusion medicine and educational programs: A pilot study[END_REF]. This observation is a severe indictment of the education given to medical students prior to their access to internship. The significance of under-graduate education in transfusion medicine has also been highlighted in a study of transfusion competency in junior doctors in the UK. In this country, competency scores appear to correlate most strongly with undergraduate education in transfusion medicine and attendance at hospital induction sessions [START_REF] Graham | Assessing transfusion competency in junior doctors: a retrospective cohort study[END_REF]. The results of a survey aimed to assess how transfusion medicine is incorporated into undergraduate medical education in the United States, revealed a great variability [START_REF] Karp | Transfusion medicine in American undergraduate medical education[END_REF], with seventy-six of 83 (92%) administrators from this survey not being familiar with the Transfusion Medicine Academic Awards (TMAA) transfusion medicine curricula [START_REF] Cable | A comprehensive transfusion medicine curriculum for medical students. Transfusion Medicine Academic Award Group[END_REF]. In 2013, a large, International forum on education in transfusion medicine for medical students and doctors was published; the main observations made indicated substantial variation of education between and also within countries, and the lack of national curricula in almost all countries participating in this forum [START_REF] Panzer | Education in transfusion medicine for medical students and doctors[END_REF]. As an example, as late as this year (2020), one French medical school provides an 8-hour course, 4 hours at the beginning and another 4 hours at the end of the curriculum; the topics essentially cover immunohematology (genetics and biochemistry of blood group antigens and immune responses), regulatory issues, the basics of hemovigilance and the major adverse transfusion reactions including associated risks. The necessity for such a program can of course be challenged by the often-repeated misconception that transfusion medicine is an increasingly specialized area of medicine, and many physicians will not transfuse any patients during their clinical activities. Additionally, one might argue that academic post-graduate curricula which include Transfusion Medicine are followed by specific specialists e.g. residents in hematology, to cite one discipline. However, taking this specialty as a prime example, a validated assessment tool was developed by the Biomedical Excellence for Safer Transfusion (BEST) Collaborative to assess transfusion medicine education and knowledge. When applied in 17 international sites, it was found that in 30% of the questions the percentage of correct answers was below 50% [START_REF] Lin | for the BEST-TEST2 Investigators. BEST-TEST2: assessment of hematology trainee knowledge of transfusion medicine[END_REF]. This current document aims to propose a revision of the way education in transfusion medicine is delivered in this era of the 'global competency approach' that appears to be favored by the majority of medical schools, at least in industrialized countries.

A previous analysis from this international group elaborated prerequisites to deliver transfusion medicine knowledge during medical education [START_REF] Garraud | European and Mediterranean Initiative in Transfusion Medicine' (EMITm) group. Medical student education in transfusion medicine: Proposal from the "European and Mediterranean initiative in transfusion medicine[END_REF].

The present "know how" approach would however restrict to the competency in transfusion medicine and does aim at covering the specific needs to follow-up pregnancies and to care for obstetrics associated anemia, thrombocytopenia, and immunization. We also exclude from this proposal the topics of neutropenia and the supportive care of patients using highly specialized approaches with non-modified and modified donor lymphocytes, which would be taught in the clinical hematology curriculum.

Is it worth implementing a competence-based approach?

There has been a flurry of publications presenting evidence in favor of competency-based education in diverse medical disciplines [START_REF] Dankner | Implementation of a competency-based medical education approach in public health and epidemiology training of medical students[END_REF][START_REF] Gruppen | The promise of competency-based education in the health professions for improving global health[END_REF][START_REF] Chacko | Simulation-based medical education: Using best practices and curriculum mapping to maximize educational benefits in the context of shift toward competency-based medical education[END_REF][START_REF] Cate | Competency-Based Postgraduate Medical Education: Past, Present and Future[END_REF], albeit some highlighting some residual evidence of risk [START_REF] Touchie | The promise, perils, problems and progress of competencybased medical education[END_REF].

A competency-based approach has been chosen in the French reform for medical studies, effective by the next academic year. It is based on four main issues as follows:

-To not disconnect biomedical and clinical knowledge; -To render acquired competences transferable to clinical situations; -To build skills; -To solve clinical problems.

To achieve this goal, three main assessments are proposed [START_REF] Audetat | Diagnosis and management of clinical reasoning difficulties[END_REF][START_REF] Khan | The Objective Structured Clinical Examination (OSCE)[END_REF][START_REF] Dory | How to construct and implement script concordance tests: Insights from a systematic review[END_REF][START_REF] Lubarsky | Script concordance testing: From theory to practice -AMEE Guide 75[END_REF][START_REF]Guidelines for the development of key feature problems and test cases[END_REF][START_REF] Farmer | A practical guide to assessing clinical decision-making skills using the key features approach[END_REF][START_REF] Nayer | Twelve tips for developing key-feature questions (KFQ) for effective assessment of clinical reasoning[END_REF]:

-Script concordance tests; -Key feature questions; -Objective structured clinical examinations.

This approach chosen in France was also established in Switzerland. The "Swiss Catalogue of Learning Objectives for Undergraduate Medical Training" is regulated by legislation: it will however be replaced by a novel body of objectives termed "PROFILE ("Principal Relevant Objectives and Framework for Integrated Learning and Education") [START_REF]Principal Relevant Objectives and Framework for Integrated Learning and Education in Switzerland[END_REF]. This new document encompasses the common medical situations that a physician should be able to handle at any given time during his/her residency; similar reports are also available from Australia [START_REF] Flores | Junior doctors' perspectives on transfusion education in Australia[END_REF] and Israel [START_REF] Lin | Transfusion medicine education for non-transfusion medicine physicians: a structured review[END_REF]. It unfortunately appears that in transfusion medicine, little effort has been devoted to mapping learning objectives with clinical activities. On the contrary, too much space is allocated to specialized pathology and laboratory work, such as blood grouping and blood matching.

This competency-based approach has been the one selected also by the International Society of Blood Transfusion (ISBT) to set up online curricula (starting with transfusionassociated risks; currently in progress). ISBT also strongly supports competence-based curricula for continuous education of expert nurses in transfusion, termed Transfusion Practitioners [START_REF] Dhesi | A survey of transfusion practitioners in international society of blood transfusion member countries[END_REF]. However, the question as to whether under-graduate medical teaching is worth being set up on such a competency-based approach continues to be asked.

Indeed, the responsibilities of the different actors involved in transfusion medicine are well defined; neither medical students nor interns/residents (nor Transfusion Practitioner nurses for that matter) are expected to cross-match blood between donors and recipients, that lies squarely within the professional competencies of the hospital blood banks. However, in the presence of adverse transfusion reactions, they are expected to know how to handle the documentation of the event in the hospital hemovigilance system; and even more importantly, they are expected to take urgent clinical measures such as stopping the transfusion, maintaining venous access and evaluating the clinical status of the patient. It is interesting to note that the questions with the lower percentage of corrected responses in the BEST Collaborative exercise in hematology trainees mentioned above, were the ones related to transfusion adverse reactions (transfusion related acute lung injury (TRALI) and the transfusion related circulatory overload (TACO)) [START_REF]TEST2 Investigators. BEST-TEST2: assessment of hematology trainee knowledge of transfusion medicine[END_REF].

The detailed analysis of the transfusion reaction is rather a senior duty. The focus of the under-graduate curriculum of transfusion medicine should thus be redesigned with more emphasis on the clinical indications as well as on the benefits of blood transfusion. The student must be made aware of the role of blood transfusion in light of the availability of complementary or even alternative therapies. In most current curricula it is the risks of transfusion that are mainly presented while the benefits are barely discussed. Interestingly enough, even the WHO baseline document (the Clinical Use of Blood) insists more on risks and inappropriateness of transfusion than on its advantages [START_REF] Who | The clinical use of blood[END_REF]; the revised 2020 version of this document-likely co-branded by WHO and ISBT-is expected to take this point into consideration. For comparison and to illustrate the point, when learning about antibiotics, students are expected to master both the clinical indications and mechanisms of action and not only their contraindications.

The Proposed "Know How's"

1) A Patient Blood Management approach: Know how to diagnose the patients' conditions

Students are introduced to the baseline concept of Patient Blood Management and its three pillars (optimization of the red blood cell mass, the management of anemia, and minimizing surgical blood loss and bleeding). Medical students are expected to understand how, why and when anemia, thrombocytopenia and hemostasis deficiencies occur as a result of central (production) and peripheral (consumption) reasons. They must further be knowledgeable in causes aggravating those clinical states. Students should be able to identify the major causes of anemia, how to correct/prevent them before surgery, as well as to be able to define the roles of iron, vitamins and hormones (such as erythropoietin). They should also have basic knowledge of the drugs having an influence on hemostatic parameters, and should be able to identify the potential role of drugs involved in platelet dysfunctions. They must also be made aware that over-enthusiastic and unjustified blood sampling can aggravate an anemic condition.

Students should know when transfusion therapy is indicated and dosing of different blood components, for a given patient, in a defined situation. They also ought to know how to monitor the efficacy of use of blood components.

1.1) Know how to correct anemia and when to prescribe red blood cell transfusions

The medical student is expected to know that the management of acute blood loss differs substantially from the management of a patient with an anemia that has persisted for months or years. In other words, treating chronic anemia, notably autoimmune anemia, differs from providing care for pre-or post-surgery patients such as for joint replacement. Chronic anemia itself will further be treated in different manners depending on the cause, e.g. genetic hemoglobinopathies, myelodysplastic syndromes, autoimmune disorders etc. Acute blood loss may require transfusion therapy to maintain oxygenation and assure hemostasis but in general neither to maintain volume nor pressure. A badly tolerated chronic anemia or diagnosed anemia prior to surgery justifies distinct medical approaches, other than transfusion, depending on underlying causes. Dietary approaches would be systematically proposed, and it is of major importance for the student to be taught how to discuss these with their patients. The oral or injectable forms of iron or erythropoietin and biosimilar drugs should be taken into consideration and the students are expected to familiarize themselves with treatment follow-up and monitoring. Allogeneic transfusion may be an option alongside peri-and post-operative blood saving procedures. The student is next introduced to situations, which aggravate anemia, either physiological (pregnancy) or pathological (micro-hemorrhage, inflammation, auto-immunity).

1.2) Know how to raise low platelet count and prevent bleeding risks related to thrombocytopenia

Students are expected to identify clinical conditions that can be complicated by low platelet count and bleeding risk such as infections and fever, inflammation and autoimmunity. They are also expected to know the transfusion thresholds required prior to planning an invasive intervention. They should be aware that medical interventions to raise platelet count depend on underlying causes: if the cause is central, then corticosteroids, thrombopoietin mimetic molecules and erythropoietin may be considered; on the other hand, if the cause is peripheral, corticosteroids, anti-inflammatory or immunotherapy interventions may be opted for. The discussion on drugs such as tranexamic acid, desmopressin etc., to assist hemostasis, can be introduced here. The role of platelet component transfusion as the sole option in case of central causality or of massive blood loss, with likely red blood cell and/or plasma transfusion to maintain hemostasis should be part of this unit. Additionally, students should be made aware of the different arguments in relation to autoimmunity and platelet transfusion.

2) A Blood component approach: Know how blood, blood components as well as plasma derived medicinal products are made available

Students must be aware that blood and blood components originate from blood donors, who are preferentially donate within Voluntary Non-Remunerated Donation (VNRD) programs following ethical considerations. Discussions surrounding VNRD should be held, and the point that VNRD encourages donor responsibility which in turn leads to enhanced safety should be made. Students are presented with the major blood components processed by blood establishments through accredited total quality programs. These would include red blood cell concentrates, platelet concentrates, plasma for direct therapeutic use and plasma derived medicinal products such as fibrinogen, albumin, immunoglobulins, concentrates of certain clotting factors. Students should be aware that new molecules may become available through bioengineering and that recombinant factors often substitute equivalent plasma derived factors. An understanding of the characteristics of blood components in terms of their content, storage conditions and shelf life and other manipulations such as leukoreduction, irradiation, pathogen inactivation/reduction technology, washing and plasma elimination (for cellular components) that labile components can undergo should be gained during this unit. An explanation that they can be prepared from whole blood donations or by apheresis would also be provided.

Students should be succinctly introduced to the issue that plasma derivatives may also be obtained from the industry, part of it being made following paid donations, a source of vivid ethical debate between stakeholders in the transfusion process.

3) A symptom approach i.e. how to face acute blood loss? Know how to set up a protocol in case of acute blood loss

The two main rationales for transfusion in case of massive blood loss i.e. to maintain hemostasis and to restore the microcirculation are presented to students within this unit. They would broadly understand the roles of red blood cell concentrates, platelet concentrates and plasma transfusion, and the indications for using plasma derived products, Tranexamic Acid, Desmopressin, and recombinant clotting factors. Students should be aware of the haemostatic and metabolic complications associated with massive blood loss, shock and massive transfusions and how to prevent and treat such complications.

4) An immunological approach to blood transfusion: Know how immunological compatibility is verified and why and how alloimmunization must be prevented

Students must acquire knowledge on blood group antigens and antibodies, both naturallyoccurring and immune. They should be introduced to the fact that blood cells express molecular variants defining antigens and antigen groups, which are more or less restricted to cell subsets present in the circulating blood, that exert physiological functions and display subtle amino-acid substitutions rendering them polymorphic and consequently often immunogenic. Of particular interest are major blood groups including ABO, Rh, Kell, Duffy, Kidd, MNSs, and Lewis, and numerous others which though less important may occasionally cause complex immunization scenarios. The HLA and HPA systems should also be introduced at this stage expanding on their role in transfusion medicine. The benefits of leukoreduction in improving the quality and safety of blood components should also be touched upon. Pretransfused testing is another topic that ought to be introduced to students alongside with the major consequences of alloimmunization and the strategies available to limit the risk of alloimmunization. Students would be briefly introduced to the advantage of matching programs in women of childbearing age to reduce alloimmunization and pregnancy complications.

5) A pathology centered approach of the benefits and complications of blood transfusion:

Know how benefits in transfusion and consequences

Students must be introduced to the benefits of transfusion protocols, the integration of transfusion therapy within a PBM program and the main accepted transfusion targets to aim for (Hb, platelet count, fibrinogen levels etc.). This should be explored within the context of transfusion related adverse events: volume overload, metabolic imbalance, immunological and infectious complications, in both immediate and delayed settings. A brief introduction on how to monitor blood transfusion, how to follow up patients, and when/how to use hemovigilance resources would be given. It is very important here to train the students to recognize immediate, shortly delayed, delayed and late transfusion reactions, to take urgent measures to mitigate the events and to report the reactions to the senior staff. 6) A patient transfusion approach in the identified transfusion system: Know how blood transfusion is intertwined within the global healthcare system and therefore plays a part in the economy of health care Overall, students should be aware that blood components are precious primarily because of their human origin, but also because of the huge cost involved in their manufacture and testing. Recruiting and educating donors necessitates investment from both the public health authorities and society; this process can be complex in some areas or countries where self-sufficiency is not attained. In addition, donors expect that donations are used wisely and in a timely manner. Additionally, a risk assessment analysis of blood procurement should be presented to pre-graduates as prescribers to be, delineating the main roadblocks and critical steps (such as quality and safety).

The methods made available

Several teaching methods can be used to deliver educational content: standard lectures, videos, massive open online courses (MOOCs), tutorial education, case studies, problembased learning, serious gaming etc. Interactive vignettes have been made available by national and international societies such as ISBT and blood component providers. Simulation-based medical education using best practices and curriculum mapping was proposed in other disciplines to maximize educational benefits in the context of the shift toward competency-based medical education [START_REF] Chacko | Simulation-based medical education: Using best practices and curriculum mapping to maximize education benefits in the context of shift toward competencybased medical education[END_REF][START_REF] Piryani | Simulation-based education workshop: perceptions of participants[END_REF][START_REF] Motola | Simulation in healthcare education: A best evidence practical guide[END_REF].

Part of the education program could deliver on site e.g. by organized visits to blood establishments where the focus would be on blood collection and testing, or to hospital blood banks and hospital hemotherapy and transfusion medicine wards to cover compatibility testing and cross-matching and administration of blood components. Case studies are of particular value to teach clinical tenets including prescription standards and indications, monitoring and follow-up (hemovigilance).

As an example, we highlight the standard educational curriculum in transfusion medicine proposed by Japanese medical schools which includes 5 lecture units and 3 units of clinically oriented practice [START_REF] Sagawa | A proposed standard curriculum in transfusion medicine for Japanese medical schools[END_REF]. It can however be difficult to recommend defined volumes and contents as medical curricula differ profoundly in countries worldwide. It would also depend on the way the basics of pathophysiology are taught as this would seriously affect the content of each specific curriculum. This should of course be left to the pedagogic teams and deans of faculties and universities. A recent observational study of three different transfusion medicine teaching methods for medical students, showed that an in-person faculty-led simulation curriculum consisting of didactic sessions and simulation was more beneficial when compared to online-only education and hybrid education with a combination of online materials and short in-person simulations [START_REF] Konia | An observational study of three different transfusion medicine teaching methods for medical students[END_REF]. The appropriateness of case-based courses in transfusion medicine for medical students was confirmed years ago in the study of Petrusa et al. [START_REF] Petrusa | Evaluation of a Case-Based Course in Transfusion Medicine for Third-Year Medical Students[END_REF] Creating suitable educational materials is also a challenge. Along with books and other standard educational materials, various information cards on the most important procedures on the safety of transfusion treatment used in some hospitals, could also be used for student education. A good example of this would be the "Transfusion orientation pack" created by the Australian Red Cross Blood Service containing checklists, threshold tables, blood prescribing cards, acute transfusion reactions cards, etc. [START_REF]Transfusion Orientation Pack -promoting safe transfusion practice to junior medical officers[END_REF].

At the end of the curriculum, students should be capable of assessing their competency, as for the following examples:

1) Do I know why my patient is anemic, thrombocytopenic, bleeding.... ? 2) Do I know the best approach to treat anemia, thrombocytopenia, bleeding (including the "no treatment" option)? 3) Do I know whether a transfusion approach is appropriate for my patients? 4) Do I know how to evaluate and anticipate benefits from blood transfusion and to avoid side-effects in the patient? 5) Do I know how to avoid unnecessary use of the products? Furthermore, a couple of additional issues-consisting mostly of reflex behaviors when facing an urgent situation-would be worth considering, such as: 1) When there is no time for type and screen or cross-match, which products would one give? 2) In which patient conditions with severe thrombocytopenia should one not transfuse platelets? 3) In which situations would one refrain from ordering readily available group O, RhD-negative red cell concentrates?

Concluding remarks

Key messages would be principally the four proposed ones:

-A fair understanding of physiology and pathophysiology is essential at this stage of the curriculum, as it will not likely be provided later on in medical studies; -A "first do not harm" approach would be favored when speaking of transfusion strategies, which introduces the following item; -An introduction to the Patient Blood Management concept would allow for a patient-centered approach and would also help embed good practice principles, such as timeliness, appropriateness, patient participation and education, ethics, and to avoid malpractice such as oversized and unnecessary blood sampling. This would also highlight the place of transfusion among alternative and complementary strategies. -Lastly, an understanding of the role of the physician in having a balanced presentation of benefits over risks or complications.

An unsaid consequence of such a revised curriculum would be to have the junior and then the senior doctors reviewing their transfusion practice and being able to make decisions on blood transfusion themselves rather than having to refer constantly to Blood Bank personnel. The latter would be resorted to only in complex situations. This would in effect be similar to the situation with drug prescription and use, where the hospital pharmacists are asked for advice only in difficult cases. Finally, as already mentioned, studying transfusion medicine is an opportunity to open the door to medical ethics, and it is hoped from such revisited curricula that students become open minded enough to engage in ethical reflection applicable to their entire practice.
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