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Preface

In 2005 the European Association of Radiology (EAR), in conjunction with the Radiology Section of the Union of European Medical Specialists (UEMS), elaborated a revised charter for training which replaced the previous charter of 2003. With the amalgamation of the European Association of Radiology (EAR) and the European Congress of Radiology (ECR) into the European Society of Radiology (ESR) in March 2007, the revision and updating of this document has fallen to the ESR Education Committee in agreement with the UEMS radiology section .

This revision does not seek to fundamentally alter the document but to incorporate a number of changes which have been identified as significant new knowledge requirements within the radiology syllabus. This has been carried out in cooperation with all ESR subspecialty societies. Each society has reviewed and where necessary revised their recommended core subspecialty training curricula and I am very grateful for their cooperation and enthusiasm. Input has been sought from all members of the ESR Executive Council, the ESR Education Committee and its Board. Their contributions and suggestions are greatly appreciated.

This document is divided into three main sections:


 Part I (European Training Charter for Clinical Radiology) outlines the 
fundamental principles and concepts of radiology, specialty education, including 
training structures, required training facilities, staffing levels and core knowledge, 
etc. 


Part II deals with a subject curriculum checklist (years 1 to 3) for radiology 
trainers and trainees outlining a core curriculum which ensures that the broad 
areas of organ-based knowledge and competence are addressed and obtained. 



Part III deals with the knowledge requirements (years 4 to 5) for those wishing 
to spend their career working predominantly in one organ-based subspecialty 
area. The general radiologists undertaking training in areas of special interest in 
the latter part of their training may wish to use a subspecialty curriculum whilst 
recognizing that the recommendations are geared to “special interests” rather 
than full subspecialty practice which will require formal fellowship training. None 
of these sections is intended to stand alone, but should be considered as a 
continuum incorporating checklists for educators and trainees whilst recognizing 
that the detailed application of these principles and structures will inevitably vary 
from country to country.

In producing this document the ESR is fully cognisant of the varying circumstances for radiology training throughout Europe, and the Society and Education Committee remain available to give advice and assistance in the application of the structures outlined in this document to the facilities available in any particular area.

ESR hopes that the curriculum document will provide a template for radiology trainees, with the longterm aim of harmonizing radiology training and enhancing the quality of radiological care for patients throughout Europe. It is hoped that the existence of this document will be helpful to national societies in their discussions with governments and other regulatory authorities. It is intended to assist individual national societies in their aims of promoting high quality radiological education nationally, and in their efforts to ensure high quality radiological patient care through encouragement of a five year radiological training throughout all European countries.

European Training Charter for Clinical Radiology

Duration of Training

The revised charter continues to outline a 5 year (3 + 2) training duration, including basic training over the first 3 years and flexible subspecialty training within the last 2 years.

Years 1 – 3

During the first three years of training, the fundamentals of undertaking and interpreting a wide range of imaging techniques and disease manifestations remain the essential curriculum component. Core knowledge to be learned at an early stage during this three year period of training includes cell function, physiology, anatomy, physics, radiation protection, principles of molecular medicine with regard to imaging, as well as the principles of clinical research and evidence-based medicine.

Years 3 – 5

The charter recognizes that although most radiologists now work in teams, each with various subspecialty skills, the teaching of background knowledge in general radiology should remain part of the training in clinical radiology, increasing subspecialty expertise and interest should be encouraged. The ESR believes that subspecialist training should be built on a broad understanding of radiology and a wide-based experience of imaging techniques. This “special interest” should be developed within the final 2 years of training, where a more focused and deeper knowledge of at least two subspecialty areas should be attained. General radiology may remain one of these.

Further subspecialist training including formal fellowship experience may be subsequently attained and encouraged beyond this period and will be addressed in a different document. Many diseases are not restricted to one organ system, which is why subspecialty training should be disease- rather than technology-based. The term “special interest” distinguishes subspecialty experience during the last two years of training from dedicated extra subspecialty fellowship training which takes place after the five year period.

Clinical Training

Radiology is a clinical specialty, and while the timing of clinical exposure will vary from country to country, the charter promotes the concept that training in radiology should not commence ideally until after at least one year of postgraduate clinical experience. This experience is required to develop competence in dealing with acute medical and/or surgical events which may take place within a radiology department, and importantly will give a training which ensures that the reporting of diagnostic imaging will have a clinically relevant and patient-focused emphasis.

Multidisciplinary Conferencing

Multidisciplinary and clinico-radiology conferencing has become an integral component of medical care and decision-making. Frequently such conferencing is conducted under the chairmanship of a radiologist and within a radiology department, emphasizing the importance of training and direct experience of such meetings within the modern radiology curriculum.

CME/CPD

The recommendations of the charter are not an end on their own but should be interpreted in the context of understanding the seamless transition from training to lifelong continuous medical education (CME) and continuous professional development (CPD). An appreciation of this continuum should be instilled at an early stage of training.

TRAINING PROGRAMMES - STRUCTURE AND CONTENT 

Structure

The specialty of radiology involves all aspects of medical imaging which provide information about morphology, function, cell activity and those aspects of interventional radiology or minimally invasive therapy (MIT), which fall under the remit of the radiology department.

Radiologists are clinicians and require a good clinical background in other disciplines. This is usually achieved through clinical experience and training prior to entering the specialty of radiology, but may also require additional clinical experience during radiology training.

The fully trained radiologist should be capable of working independently when solving the majority of common clinical problems. In particular those undertaking interventional procedures require sufficient clinical background knowledge to accept direct referrals and to manage such patients both as out- and inpatients. Radiologists in training should undertake five years of full-time radiology training. Arrangements may vary for those undertaking flexible training, but the total time of training should be equivalent to the training duration of a full-time trainee. Training should be under the direction of a large teaching hospital Department of Radiology though models for clinic and academy based training also exist.  Each training programme should outline the educational goals and objectives of the programme with respect to knowledge, skills and other attributes of residents at each level of training and for each major training task.

Experience in emergency radiology is an integral component of radiology training, and must remain accommodated as a specific rotation and skill base within the training programme. The implications which the implementation of the European Working Time Directive will have on training are not yet clear for future radiologists. The ESR has concerns that the limitation of hours recommended by this legislation may in the future have a deleterious effect on the clinical confidence and experience base for future radiologists and will continue to monitor the situation.

The precise structure of the system-based modules will vary a little from country to country and from department to department, but the time balance should reflect the importance of the system to the core of radiological practice. A detailed knowledge of normal imaging anatomy should be gained at the early stages of training. Early in this three-year period, trainees should acquire the necessary knowledge of basic sciences, i.e. the physical basis of image formation in all imaging techniques, picture archiving computer systems (PACS), radiology and hospital information systems, quality control, radiation protection, radiation physics, radiation biology, anatomy, physiology, cell biology and molecular structure, biochemistry and techniques

related to radiological procedures, the pharmacology and application of contrast media and a basic understanding of computer science as outlined in the core of knowledge for general radiology.

Trainees should participate in clinical radiology examinations and activities whose extent and complexity should gradually increase in line with experience. It is important that trainees systematically rotate through all sections of the department of radiology at an early stage to become conversant with the principles of the main techniques and to gain a working knowledge of the following imaging methods:

-
conventional radiology including film processing and archiving,

-
fluoroscopy,

-
ultrasound,

-
computed tomography,

-
magnetic resonance imaging, and

-
radionuclide imaging where possible. 

All radiology trainees should have a knowledge of available techniques as well as of the diagnostic features of the studies.

The majority of radiology training should be acquired in a single teaching institution where all or most subspecialty disciplines are available. Ideally this department should be affiliated with a university , and should have full close collaboration with a medical physics department. Ready access to university anatomy, biochemistry, statistics, legal physics and pathology departments should exist for all training centres. Ideally, in-house physics training should be available. Teaching principles should include both didactic lectures, tutorials, etc., but also a high component of one-to-one apprenticeship relations with the staff faculty.

All reporting should be supervised and all radiology reports checked up to 3rd year of training. Exposure to on-call and emergency work should be available, and participation in an on-call roster should take place after the first year of training.

Within each teaching department, a local tutor with direct responsibility for in -house training should be appointed to ensure that an appropriate proportion of service versus training time be maintained.

To ensure comprehensive exposure and performance of various procedures and techniques, a log book system should be used. Reliance on ad-hoc observation of radiological procedures is inadequate and a formal log book detailing experience gained (see one, do one, teach one) should be incorporated for each subspecialty and for all training programmes. Regular assessments should be carried out on a yearly basis and easy access for trainees to local coordinators should be encouraged.

The spectrum of patient and investigative material available should be sufficient to enable the trainee gain experience in all fields of general radiology. This requires a radiological department situated in a large hospital encompassing all medical specialties. Such training would not be available in a single specialty institution. Indeed because of referral patterns at the base hospital, it may still be necessary to arrange attachments at/rotations to other hospitals in view of case-mix, etc.

Nuclear Medicine

Ideally a three month rotation to nuclear medicine should be available during basic training, either in the home department or with ready access to an adjacent or off-site nuclear medicine teaching department. As with other subspecialty interest areas, further training in nuclear medicine may be taken during years four and five. This area is dealt with in a different ESR publication detailing a combined curriculum for nuclear medicine and radiology to allow single PET CT reporting.  

Staffing Structure

The number of qualified radiologists with teaching functions in the department should be sufficient to cover the needs of teaching. Ideally a one-to-one teacher trainee ratio should be available. The expertise of the teaching staff should cover a broad spectrum and include the subspecialties as outlined in the detailed curriculum for the initial structured common programme.

There should be a minimal group of trainees at each stage of training (3) and a one-to-one relationship with training faculty should be in place. Support should be given for modular training, if necessary for neuroradiology and paediatric radiology outside the base hospital.

Teaching staff should be motivated and ideally several should be pursuing a university-based academic career pathway. In-house teaching should include small tutorial groups and one-to-one apprenticeship experience. The teachers should ideally attend teacher-targeted courses and should be fully integrated into the educational process to include practical examining experience.

Part of the training may be given at accredited non-university hospitals or private practices. This should only form a small proportion of the training time spent. Such facilities should have close working relationships with the main teaching institutions. The non-university component may supplement training in general radiology for subspecialty exposure. The time proportion spent will be subject to locally assessed educational value. All the university departments and training hospitals should be part of a coordinated national or federal training scheme. Training schemes should ideally be subject to single national organizations to standardize the educational experience and maximize efficiencies. Adequate educational funding budgets should be ring-fenced within health care structures under an independent education authority.

Trainee Assessment

Formal trainee appraisal and assessment should take place at regular intervals (at least once a yearl). This should be conducted outside of the training department and co-ordinated by designated academic radiologists who are not directly involved with the scheme under evaluation. The process should preferably be coordinated through the national society or training body which can compare the various training facilities on a country-wide basis and with international standards.

In order to verify that appropriate modular training has been obtained, this evaluation should include the completion of a log book detailing studies and procedures both observed and performed, including number and type. Assessments should also cover clinical and technical competencies, including interpersonal skills and suitability as a clinically active doctor. As part of the assessment process, trainees should be given an opportunity to give their own observations on training facilities and teaching personnel on a confidential basis.

Accreditation of Training Departments

This should again be performed by a competent and independent authority coordinated through either the national society or a national authority with responsibility for training. It is recommended that accreditation should be carried out every five years and should include the following:

a. number and type of basic radiological examinations. (The spectrum of patient and investigative material available should be sufficient to enable the trainee gain experience.)

b. standards of equipment,

c. trainee access to the full range of imaging techniques,

d. adequacy of trainer and trainee ratios (one to one should be the aim),

e. teaching programmes available,

f. teaching materials, and

g. research activity.

Course participation

Attendance at outside courses will depend on the stage of training and the relevance of the courses to the trainee’s stage of training. At least attendance at two congresses or courses should be mandatory over the period of years four and five of training.

The trainee should be involved in the radiological examination and diagnosis of patients presenting in the emergency department and should be able to appropriately evaluate patients who are severely or critically ill. It is not anticipated that a trainee would enter into an emergency on-call rotation entailing clinical responsibility until the end of the first year of training. Radiology trainees at the end of three years should be fully conversant with the basic aspects of the common trunk of general radiology. This will be achieved by a mixture of didactic and practical training.

Knowledge Assessment

On completion of the training period the individual is expected to be capable of working independently and unsupervised. Such a radiologist should be capable of functioning individually either in a hospital or outpatient facility. Objective measurement of an achieved standard should be made by examination, thesis, and/or a combination of both.

TRAINING FACILITIES

Health care systems in individual European countries differ for a variety of reasons which include administration, management, equipment, budgeting and tradition. In spite of these differences, recommendations for training facilities for specialization in general radiology can be defined. It is accepted that detailed application of the following principles will be the responsibility of the respective countries. There must be an approved and structured continuing teaching programme for general radiology as well as the main subspecialty areas.

The teaching programme should include regular multidisciplinary clinico-radiological meetings in the major clinical disciplines on a weekly basis. Trainees should be encouraged to participate actively in such conferences and to coordinate and chair such meetings in their later years of training.

Teaching facilities should include access to online medical publications, teaching aids (including Eurorad, etc.) and a full radiological library. A study room should be provided and a wide variety of representative clinical cases should be accessible.

All the university departments and training hospitals should be part of a coordinated national or federal training scheme. All training schemes should be subject to single national organizations to standardize the educational experience and maximize efficiencies.

Part of the training may be given at accredited non-university hospitals or private practices, but this should only form a small proportion of the training time spent. Such facilities should have close working relationships with the main teaching institutions. The non-university component may supplement training in general radiology for subspecialty exposure. The time proportion spent will be subject to locally assessed educational value.

It is of importance that the central regulatory authorities cooperate and that easy cross reference takes place between bodies responsible for radiological education and licensing regulatory authorities, teaching centres, local hospital administrations, etc.

Adequate educational funding budgets should be ring-fenced within health care structures under an independent education authority.

Proportion of radiological training in university, teaching, non-university and/or private institutions

Rotations through small and specialist hospitals may frequently supplement basic radiological training and are to be recommended for limited periods (maximum of three months). Such outside rotations may include paediatric neuroradiology and nuclear medicine for periods of 3 months during the first three years, but longer in the last 2 years depending on the subspecialty chosen. All training departments should have access to expert pathology services. Ready access to university level physics and pathology departments should exist for all training centres. Ideally, in-house physics training should be available.

Part of the specialised training may be at accredited non-university hospital or private practices, but this should only form a small proportion of the training time spent. Such facilities should have close working relationships with the main teaching institutions. The non-university component may supplement training in general radiology, primary care radiology or may be targeted to subspecialty exposure. The time proportion spent will be subject to locally assessed educational value. All the university departments and training hospitals should be part of a coordinated national or federal training scheme. Training schemes should ideally be subject to single national organizations to standardize the educational experience and maximize efficiencies.

Adequate educational funding budgets should be ring-fenced within health care structures.

Standard of equipment

Only departments with adequate imaging equipment and services should be approved. The equipment should fulfil radiological safety standards and should be in good technical condition. Technical efficiency, security, electrical control, radiation safety and controls should be of an adequate standard and fulfil agreed national quality control criteria. Radioprotection should be organized and radiation monitored according to European standards. Down-time of the equipment for repair should be minimal and not interfere with training. The techniques for adequate radiological training will depend on local availability but should include the following:

(a)
conventional radiography (including fluoroscopy), 

(b)
angiography,

(c )
ultrasonography,

(d)
spiralcomputed tomography,

(e)
interventional radiology,

(f) 
magnetic resonance,

(g)
PET/CT (cooperation with other radiological departments or nuclear medicine departments may be necessary), and

(h) 
access to nuclear medicine.

Teaching Materials

Audio-visual equipment and rooms should be available in the department of radiology, sufficient to enable the implementation of the teaching programme. An adequate supply of teaching materials should include text books (e.g. neuroradiology, paediatric radiology, ultrasonography, computed tomography, magnetic resonance imaging, mammography). Journals and internet access should be available within the department. This should be supplemented by easy access to more complete library facilities to include the full gamut of published medical and surgical material. Ideally there should be easy access to all modern e-learning facilities.

Reading Facilities

Access to quiet reading areas with internet portals should be available to trainees within the department and should offer a selection of good and modern text books. Easy access to the reporting areas as well as other audiovisual material within a general radiology department should be guaranteed. In addition teaching and reference material in physics, technology and subspecialty areas should be readily accessible in reporting areas.  A selection of high standard radiological journals should be available on a continuing basis. An actively updated library of teaching film videos should be available as well as specific staff members responsible for it. Computer technology for teaching and research purposes, image processing and communication is nowadays essential.

KNOWLEDGE BASE YEARS 1 - 3

Introduction

Radiology is a medical specialty involving all aspects of medical imaging which provide information about the anatomy, pathology, histopathology and function of disease states. The reporting of a radiological procedures is a clinical act, with all the responsibilities, implications and medico-legal consequences associated. Only appropriately trained medical personnel should carry out this duty.

Diagnostic radiology also involves interventional techniques for diagnosis and minimally invasive therapy involving image-guided systems. The ESR supports the development of interventional radiology as a subspecialty within diagnostic radiology, and requiring a background training in the specialty of diagnostic radiology as foundation. This is in agreement with the recent adoption of interventional radiology as a subspecialty of general radiology with the UEMS radiology society.

CORE OF KNOWLEDGE

Basic sciences

a. Radiation physics;

b. radiobiology;

c. the physical basis of image formation including conventional x- ray, computed         

   tomography, nuclear medicine, magnetic resonance imaging and ultrasound;

d. quality control; radiation protection; including the ALARA principle

   (As Low As Reasonably Achievable).

e. Radiology training should ensure the understanding and implementation of the             process of justification of requests and optimization of investigation. Such an 

algorithmic approach to the use of various diagnostic radiology techniques is under constant revision, and at the time of writing helpful guidelines are available through the Royal College of Radiologists (Making Best Use of a Radiology Department) and American College of Radiology (Appropriateness Criteria).

f.  Anatomy, physiology, biochemistry and techniques relating to radiological 

    procedures.

Current Clinical Practice and Clinical radiology

A thorough knowledge of current clinical radiology is required. This knowledge should include:

 Organ- or system-based specialties, e.g. cardiac, chest, dental, otorhinolaryngology,    gastrointestinal, genito-urinary, breast radiology, musculoskeletal, neuro, obstetric and vascular radiology, including the application of conventional x-rays, angiography, computed tomography, magnetic resonance imaging, ultrasound and, where applicable, nuclear medicine.

b. Age-based specialties, i.e. paediatric radiology.

c. Common interventional procedures, e.g. guided biopsy and drainage procedures.

d. Competence in dealing with acute medical emergencies.

Molecular Imaging

During training, an overview of molecular imaging should be attained. This need not be detailed, but an appreciation of the current possibilities of molecular imaging including its potential application to oncology, cardiovascular imaging, neurology and drug delivery should be acquired.

The radiology trainee should have a basic knowledge of cell biology including DNA and RNA activity, medical chemistry and physiology employed in molecular imaging. Knowledge should extend to the principles of the most common molecular imaging methods with gamma camera positron emission tomography and fluoro-deoxy-glucose, together with the measurement of brain function with functional magnetic resonance imaging.

The knowledge base should include imaging techniques useful for molecular imaging (micro CT, micro MR, micro PET)  advances in tracers and contrast agents, methods of quantification of effects across spatial scales, basics in bio engineering, identification of molecular targets for imaging and the imaging of biological processes (inflammation, apoptosis, hypoxia, signal transduction gene expression).

A basic understanding of the applications of molecular imaging techniques in disease of the cardiovascular and central nervous system, the potentials of guiding therapy, and the concepts of qualitative and quantitative image biomarker validation should be appreciated. Molecular structure, pharmacology, classification dose and side effects of all radiographic, MRI and ultrasound contrast media should be known. Basic understanding of computer science, image post processing, image archiving and image communication and teleradiology.

Pathological sciences

A knowledge of pathology and pathophysiology as related to diagnostic and interventional radiology.

Safe Radiology Practice should include
1.       Validatation of any request for radiologic examination with respect to 
-
Risk factors,

-
irradiation involved, and

-
possible alternatives employing non ionising radiation.
2.
Satisfactory performance of an examination to include:
-
Knowledge of the clinical history and the clinical questions to be answered,

-
Knowledge of the protocol of examination and any post procedure patient care.

Communication Skills

Communication with Patient

Clinical radiologists should appreciate the importance of relating to patients with respect and honesty and confidentiality. Appropriate training in these areas should cover issues regarding the communication of bad news, and the dangers of entering detailed discussions with patients regarding further management in case  this is not subject to direct supervision, or organisation by the radiologists. Sensitivity regarding radiological reports should extend to the potential for patients to have access to the same.

Radiologists are clinical specialists. Direct patient contact is an increasing component of radiological practice. Learned principles of communication skills with patients should include the ability to explain tests and procedures to be performed including hazards and benefits, the obtaining of informed patient consent, and the explanation of examination results to patients when appropriate.

Communication with referring doctor

The importance of timely communication with referring doctors with regard to  imaging reports should be understood. The distinction between routine methods of communication, and the necessity for immediate reporting of emergency or potentially emergency situations should be understood. Unexpected and serious findings should also be communicated with priority. Principles of communication skills with clinicians should include competence in clinically relevant report formulation, an appreciation of the need to urgently transmit unexpected life-threatening findings, and an ability to place examination results in a clinical and multidisciplinary context.

Evidence-based Medicine

The radiology training should ensure the understanding and implementation of the process of justification and optimisation as laid down in Euratom directive 97/43.

To improve understanding of the value and methods of evolving technologies, all trainees should receive basic instruction in critically reading medical literature, experimental design and biostatistics. Instruction should extend to focussed literature search, literature appraisal, appraisal and application as applied to diagnostic tests, interventional procedures and review articles.

Administration and management

Knowledge of the principles of administration and management as applying to a clinical imaging department with multi-disciplinary staff and high-cost equipment is required. With increasing costs it is essential that the trainee radiologists are exposed to the procedures, legalities,critical evaluation processes and priorities required for systems purchase. This can best be achieved by stimulating attendance of scientific radiology meetings where equipment is exhibited, and exposure to decision-making purchase

meetings within the department.

Research

Knowledge of basic elements of scientific methods and evidence-based medicine, including statistics necessary for critical assessment and understanding of published papers and the promotion of personal research should be acquired. Knowledge of research methods in radiology should include an understanding of design and data analysis for technical and diagnostic performance studies. Audit in radiology is also expected. Presentation of research projects at local, national and international scientific radiological meetings should be encouraged. Regular group meetings should take place within the department to encourage individual research projects, to share information, and to ensure a balanced programme of presentation throughout the trainee cohort. There should be an active and ongoing research programme at the training department and trainees should be encouraged to participate. Presentation and attendance of international meetings including funding should be encouraged and supported. At least once a year, trainees should attend one national meeting and as a minimum every two years one major international meeting .    Authorship of research publications and peer-reviewed journals should be encouraged and ongoing mentoring in this area should be made available by more senior academic staff. A competitive environment between radiology trainees should be encouraged in these areas.

Radiology Audit and Standards

An appreciation of the methodology and principles of clinical audit should be learned. Trainees should understand the concept of measured performance, comparison with target standards, interpretation of such measurements, the process of implementing 

change and the re-measurement of performance. The application of clinical audit to radiological organizations and its performance should be understood. Principles of audit of structure, process and outcome should be attained onsite. The background principles of improving local practice through application of such systems with honesty and integrity, full agreement and confidentiality should be appreciated. An understanding of the limitations of selection of appropriate target standards and relevant country-specific legal implications of audit should be understood. The concepts of consensus statements from learning bodies and the methodology for sourcing the same should be appreciated. At least modules on the principles and application of clinical audit in radiology of a duration of two hours should be acquired during training.

Formulation of Clinical Radiology Reports for Radiology Trainees

Principles of the composition of appropriate imaging reports should be specifically identified as a learning requirement during training. Such principles include:

-
an adequate understanding of clinical information,

-
a technical knowledge of diagnostic imaging quality,

-
a protocol to include careful cross-check of patient identification, 

-
an ability to observe and describe abnormalities with relevant imaging 
characteristics (summarizing them in a diagnosis or differential diagnosis of 
clinical entities). If a definitive diagnosis is not achievable, advice about further 
investigation should be given.

The clinical nature of image interpretation and an understanding of the process as a medical act should be fully grasped during training.

Medico-Legal Issues

An understanding of the medico-legal implications of radiological practice should be attained. Principles of risk management, minimization of radiological risk, knowledge of more common radiologic pitfalls and concepts of uncertainty and error in radiological practice and audit should be learned.

The radiology training should ensure the understanding and implementation of the process of justification and optimization as laid down in Euratom directive 97/43.

A detailed knowledge of normal imaging anatomy should be gained at the early stages of training.
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