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In the interests of patients and the public, systems must be in place to
ensure that the aspiring professional has and maintains the requi-
site competence.1

THE KENNEDY REPORT1 HAS CLEARLY INDICATED

that the medical profession is under an obli-
gation to ensure that doctors in training

achieve competence in their speciality. It is incum-
bent, therefore, on those responsible for training in
each speciality to define the level of performance
that must be achieved by trainees, to provide pro-
grammes for training of high quality that allow
trainees to reach this standard, and to implement

techniques of assessment that can discriminate
whether or not competence has been attained. These
challenges need to be met at a time when imple-
mentation, for those working in Europe, of the
European Working Time Directive2 and the need, at
least in the United Kingdom, for an expansion in the
consultant grade, are set to reduce, rather than
increase, the amount of time available for training.
In order to maintain standards, programmes of
training will have to adapt to the new patterns of
working, and will need to become more efficient.
The old system, based on apprenticeship, is unlikely
to survive, as random exposure to clinical material,
often dictated by commitments to service, may
result in gaps in training or unnecessary duplication.
Schemes for training in the United Kingdom, there-
fore, are currently undergoing a major overhaul.3 In
cardiology, this change has been led by the Royal
College of Physicians and the Joint Committee on
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Higher Medical Training. The expertise gained during
this exercise is likely to have more international util-
ity. In this review, therefore, we discuss a concept for
subspeciality training, taking interventional paedi-
atric cardiology as an example. We show how it can
fit into the newly designed schemes for training for
the United Kingdom, and discuss how best it can be
achieved. We hope that the principles we establish
will be applicable to other medical and surgical spe-
cialities and subspecialities, not only in the United
Kingdom, but also within the expanding European
community, and hopefully the rest of the world.

The new schemes for training

New schemes to be used in the United Kingdom have
been developed for the medical specialities over the
last 1–2 years by the Royal College of Physicians and
Joint Committee on Higher Medical Training. The
trainee is provided with a detailed curriculum that
sets out the goals or objectives of training. Each area
of practice is broken down into knowledge, skills,
and attitudes, with an assessment of the level to be
attained in each area. Thus, the level of performance
that has to be achieved before a trainee is deemed
competent in a particular part of the curriculum is
detailed. The curriculum for generic skills, applica-
ble to trainees in all specialities, and the specific cur-
riculum for paediatric cardiology, were published in
January 2003. They apply to trainees issued with a
national training number after 1 January 2003.4,5

Methods for acquiring the relevant knowledge and
skills in each area of the curriculum are suggested. It
is envisaged that opportunities will be provided for
learning. Assessment, which is to be both formative
and summative, will be carried out at regular inter-
vals. Formative assessment will provide ongoing feed-
back in a constructive and positive manner, which
should allow deficiencies to be corrected. Summative
assessment will identify whether the trainee has
reached the necessary level of competence to progress
further in the scheme for training. Although these
materials have been developed for the core curricu-
lum in paediatric cardiology, no provision has been
made to develop a similar approach for subspeciality
training. We propose here, therefore, a curriculum
for training in interventional paediatric cardiology
that could dovetail with the existing core curricu-
lum. Similar proposals could be developed for the
other subspecialities of paediatric cardiology.

Changes in the structure of postgraduate
training

Again within the United Kingdom, the consultation
paper published by the Department of Health, and

entitled “Unfinished business: proposals for reform
of the senior house officer grade” included provisions
for restructuring higher specialist training.6 The
document suggested that, after graduation, doctors
should undertake an integrated 2-year foundation
programme of general training, followed by a pro-
gramme of basic training for specialisation that pro-
vides a breadth of education and training within
certain broad clinical disciplines, such as paediatrics
or general internal medicine. It was then proposed
that trainees should enter a shorter period of higher
specialist training than at present, leading to the
award of a Certificate of Completion of Specialist
Training that made them eligible for appointment
to “generalist” consultant posts in their chosen spe-
ciality. This could be followed by a period of more
highly specialised training for those who wished to
undertake it, and for which there was a service need.
The suggested chronology of training was therefore
as follows:

� the foundation programme of 2 years;
� the programme for basic specialist training pro-

gramme of 2–3 years;
� a period of higher specialist training lasting 3–4

years;
� a final period of subspeciality training, lasting

from 1 to 2 years.

Since then, the Department of Health has issued its
response to the consultation process in the docu-
ment: “Modernising Medical Careers: The response
of the UK Health Ministers to the consultation on
Unfinished business: proposals for reform of the sen-
ior house officer grade”.7 The early indications are
that training is likely to be shortened still further, so
that the foundation programme is followed by a run-
through speciality training grade. The total duration
of training required to produce a generalist consult-
ant may be as short as 6 years:

� the foundation programme, lasting 2 years;
� the period of higher specialist training, lasting 

4 years.

It is our contention that the principles we will
develop below discussed would streamline subspe-
ciality training, thereby allowing training in general
paediatric cardiology to be shortened to 3–4 years,
instead of the current 5 years. This would facilitate
transition to the new schemes for training, and
would produce an increased number of general pae-
diatric cardiologists, which is the need of the spe-
ciality now, and for the foreseeable future. We
anticipate a major change in the service needs of pae-
diatric cardiology. It is highly likely that the visits
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made by consultants to distant sites, termed out-
reach services in the United Kingdom, will have to
be rationalised. Paediatricians with special expertise
in paediatric cardiology will need to be trained and
appointed in large district general hospitals, organis-
ing the outreach services in collaboration with the
consultants based in tertiary paediatric cardiologic
centres. Specialists in adult congenital heart disease
will need to be trained to provide a service for this
growing population. This will allow paediatric car-
diologists to dedicate themselves to provide high
quality care in their own base tertiary units. Care of
children with congenital heart disease will have to
be coordinated between the general and the subspe-
ciality paediatric cardiologists.

Why is there a need for subspecialty training
in interventional cardiology?

The last 20 years has seen the birth and evolution of
a wide range of interventional techniques in paedi-
atric cardiology. Although procedures were initially
developed in small cohorts of patients in a small
number of centres, they have now become widely
accepted, and are performed in almost every institu-
tion involved in paediatric cardiology. Even in the
last decade, many interventions have only just passed
through the initial phases of development and evalu-
ation. As results have been collected and published,
nonetheless, it has increasingly become possible to
identify standards of competence and excellence.
There is now an expectation both on the part of the
patients, and from the perspective of clinical gover-
nance, that the treatment will meet the highest stan-
dards. We are moving, therefore, from an era of
unknown results and unregulated practice to one
driven by measurable standards. In adult cardiology,
it is recognised that superior results are obtained
when a high volume of procedures is performed by a
small number of experts.8,9 As performance is related
to concentration of experience, there is a strong argu-
ment that interventions should no longer be dis-
persed among many members of the paediatric
cardiologic team, as is commonly the practice in the
United Kingdom, but concentrated in the hands of a
few practitioners with a recognised interest in this
subspeciality. This means a shift in practice towards
the North American model. Even this model will need
to be refined. We believe that, in the future, consult-
ants are likely either to retain no practical contact with
cardiac catheterisation because they provide a general
clinical paediatric cardiology service or are heavily
committed to another subspeciality, to perform diag-
nostic cardiac catheterisation and a limited range of
common interventional procedures, or to maintain a
strong subspeciality interest in intervention, including

common, complex, and new interventions. The move
towards such a specialised practice will have to be
reflected in the structure of the curriculum designed
for training.

Proposals for subspecialty training in
interventional paediatric cardiology

We propose that exposure to interventional paedi-
atric cardiology within the programme for training
in general paediatric cardiology needs to be more
structured, with the primary aim of developing
understanding rather than the ability to carry out
procedures. For those who want to specialise in inter-
vention, there should be an option to become more
involved during the core training, coupled with a
higher level of training in a dedicated period of 1–2
years undertaken after obtaining a general Certificate
of Completion of Specialist Training. A similar sys-
tem operates in the United States of America and
Canada. The American College of Cardiology recom-
mends an additional year of training beyond the fel-
lowship programme of 3 years in adult cardiology for
those trainees who plan to perform coronary arterial,
or other cardiovascular, therapeutic interventional
procedures.10 There are accredited programmes in
adult interventional cardiology, and the American
Board of Internal Medicine offers an examination for
an added qualification in intervention.11 In Canada,
paediatric cardiologists who intend to carry out inter-
ventional catheterisation must complete a dedicated
fellowship lasting from 6 to 12 months having com-
pleted their core training.12 The curriculum pub-
lished in 1998 for training in adult cardiology in 
the United Kingdom provided for acquisition of
advanced skills in the final 2 years of training, which
consists of subspeciality training and general cardiol-
ogy in about equal proportions.13 Such advanced
training in a given subspeciality could be recorded on
the Specialist Register. Although at present there is
no protected time for subspeciality training in paedi-
atric cardiology, it is normal for trainees to increase
their exposure to one particular subspeciality during
the final 2 years of training, often by organising a
period of training abroad.

We propose that, in future, training in Inter-
ventional Paediatric Catheterisation should be offered
at three levels (Table 1). The level of training to be
achieved will then be chosen by the trainee at an early
stage, in consultation with their educational supervi-
sor and the director of the cardiac catheterisation lab-
oratory, and will depend on the type of expertise the
trainee hopes to achieve at the completion of the pro-
gramme. The structure we propose for training in
interventional paediatric cardiology could be accom-
modated within the programme of higher specialist
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training existing in the United Kingdom, or would
fit in with the changes in training proposed by the
Department of Health.

Proposed levels of training in cardiac
catheterisation and intervention

Basic training
This level is the basic requirement for all trainees.
Our suggested curriculum is set out in Table 2. This
level of training will include those skills required of
the general paediatric cardiologist. The main aim of
training should be to teach the indications, complica-
tions, and limitations of diagnostic cardiac catheteri-
sation and common interventions, so that newly
qualified consultants can make informed decisions
for the benefit of their patients. Training must be 
targeted, with an emphasis on diagnostic cardiac
catheterisation. Early exposure should, however, be
sufficient to allow trainees to make an informed deci-
sion about the subspeciality they wish to pursue. It
should involve at least assisting in the majority of
the common interventional procedures. Competence
in balloon atrial septostomy and pericardiocentesis
will remain essential because of the need to pro-
vide on-call cover as a consultant. This experience 
is likely to be gained and consolidated outside the
catheter laboratory over the 5 years of training. It is

anticipated that basic training will be obtained in 
the first 2 years of the training programme. Once the
trainee has attained competence in those areas speci-
fied in the curriculum, basic training will be consid-
ered to be complete. By the 3rd year, some trainees
will require no further direct exposure to the
catheterisation laboratory. Training is to be obtained
by involvement in the care of patients from evalua-
tion prior to catheterisation to discharge and follow
up as outpatients. Experience in the catheterisation
laboratory should be supplemented by personal read-
ing, formal teaching, and regular attendance at case
conferences that include discussion of catheter proce-
dures and interaction with cardiac surgeons. Trainees
should present cases, and discussions should stress
the relationship between history, physical examina-
tion, non-invasive imaging, haemodynamic data, and
angiographic appearances in planning treatment.

Intermediate training
Our suggested curriculum is set out in Table 3.
Training to an intermediate level is appropriate for
those with interests spread over a wide range of dis-
ciplines within paediatric cardiology. It is likely that
there will continue to be a need for such consultants.
Such an individual should only practice in a setting
where support is available from an experienced inter-
ventional cardiologist. Such a trainee undergoing
intermediate training will carry out diagnostic
catheterisation, and perform a narrow range of inter-
ventional procedures. These techniques will be more
straightforward procedures, such as balloon dilata-
tion of pulmonary valves, or occlusion by coils of
patent arterial ducts.

The guidelines established by the British Paediatric
Cardiac Association for therapeutic cardiac catheteri-
sation state that acquisition of a Certificate of
Completion of Specialist Training alone should not
qualify a paediatric cardiologist to undertake inter-
ventions.14 It is proposed that trainees be permitted
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Table 1. Proposed levels of training in paediatric interventional
cardiology.

Basic level – required of all trainees to be a competent consultant
paediatric cardiologist

Intermediate level – enabling a paediatric cardiologist to perform
diagnostic cardiac catheterisation and specific procedures that
require skills at an intermediate level

Advanced level – enabling a paediatric cardiologist to perform the
majority of procedures, including those that require a high level
of skill

Table 2. Curriculum for basic training.

Knowledge Skills

Acquire: Be able to:
• Formal training in radiation protection • Interpret haemodynamic data such as normal and 

abnormal pressure measurements and oximetryKnow:
• Calculate blood flow, resistances and shunts• The indications for and limitations of diagnostic cardiac catheterisation
• Interpret angiography• The indications for and limitations of common interventional techniques
• Use catheter data to select cases for surgeryused in congenital heart disease
• Communicate the results of catheter studies• The radiological anatomy of the cardiovascular system
• Select patients for common interventional procedures• Potential complications of cardiac catheterisation and their management
• Independently perform:

– Pericardiocentesis
– Balloon atrial septostomy
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Table 3. Curriculum for intermediate training.

Knowledge Skills

Acquire: For diagnostic cardiac catheterisation and a limited range of interventions
• A working knowledge of equipment used in the 

catheterisation laboratory, including pressure Be able to:
transducers, physiological recorders, blood gas • Obtain informed consent, including an explanation of the benefits and 
analysers, image intensifiers and digital image potential risks of the procedure
acquisition systems • Prepare a detailed plan of how catheterisation is to be performed and how 

Know: important information is to be obtained

• Techniques and equipment used to carry out • Plan what equipment is necessary

common interventions in congenital heart disease • Plan and supervise management before and after catheterisation
• Acquire vascular access in all ages
• Manage anticoagulation
• Choose appropriate catheters
• Manipulate catheters successfully and safely
• Acquire appropriate pressure and oximetry data in a logical sequence
• Perform angiography, including selection of image intensifier angles, 

magnification, coning, contrast volume, rate of delivery, catheter type, 
size and position

• React quickly and appropriately to adverse changes in rhythm or 
haemodynamics

• Manage intraprocedural complications such as tamponade 
(pericardiocentesis), haemothorax (chest drain insertion) and dysrhythmias 
(drug treatment, cardioversion, temporary pacing)

• Manage postprocedure vascular complications, including thrombolytic treatment
• Participate in audit of activity in the catheterisation laboratory
• Perform diagnostic cardiac catheterisation independently
• Perform a limited range of interventions as first operator under supervision.

Accreditation will normally be obtained in the following:
– Coil occlusion of patent arterial duct
– Balloon dilatation of pulmonary valve
– Balloon dilatation of aortic valve
– Pulmonary arterial angioplasty
– Recoarctation angioplasty

to perform a particular intervention independently
only when accreditation in that procedure has been
obtained. Certification will be obtained by undertak-
ing specific training and demonstrating competence 
in the particular technique. Such credentialing specific
for given procedures has also been recommended in 
the United States of America.15 Although there are, at
present, no provisions for enforcing a system of accred-
itation, it is anticipated that it would, in practice, be
enforced by the hospitals. A trainee undergoing inter-
mediate training would continue to have the option of
extending the number of procedures for which he or
she was accredited as a consultant under the supervi-
sion of a more experienced interventional cardiologist.

Advanced training
Our suggested curriculum is set out in Table 4. A
high level of core knowledge must be attained, and
the trainee must demonstrate an ability to perform
independently cardiac catheterisation. Requirements
for training at the advanced level must be com-
pleted, and a wider range of procedures must be
mastered, as first operator.

Competence must be certified in each type of proce-
dure. All of the skills required for intermediate train-
ing are extended to more complex interventions. It is
anticipated that the trainee will have continuous and
intense exposure to a wide variety of interventions in
the catheterisation laboratory, particularly in the final
2–3 years of higher specialist training, once the core
curriculum has been completed. Many trainees will
arrange a period of study abroad to concentrate on
interventions. More focused exposure should be facili-
tated in schemes for training available within the
United Kingdom, either in the 4th or 5th year of the
current programmes or in a period of training lasting
from 1 to 2 years undertaken subsequent to obtaining
the Certificate of Completion of Specialist Training,
perhaps combined with a commitment to research.
Trainees will be expected to develop skills in research
and should ideally pursue a higher degree in some
aspect of interventional catheterisation. Training
should include formal teaching on topics related to
intervention, regular attendance at national and inter-
national interventional conferences, reviewing litera-
ture, participating in audit projects based on work 
in the catheterisation laboratory, publishing in 
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peer-reviewed journals, and participating in trials of
new equipment. The individual should be capable of
teaching others in the techniques of cardiac catheteri-
sation. It is likely that accreditation will not be gained
in the rare procedures that are performed infrequently.
The newly qualified consultant who has completed the
advanced training should then obtain assistance from a
more experienced interventional cardiologist for such
procedures, where recognised expertise is available,
until competence is acquired. Where a technique is
being developed, and there is no recognised expertise,
approval from the local ethics committee would have
to be sought before embarking on the procedure.

Delivery of training

Under the current system of training in the United
Kingdom, exposure to cases in the catheterisation lab-
oratory is random, depending on allocation of sessions.

Attendance at procedures is often driven by the
requirements of the service, rather than the educa-
tional needs of the trainee. This system will have to
change. Trainees should only attend procedures that
are appropriate for their level of experience and train-
ing. Focused training will allow the trainee to progress
at a faster rate, and will use the limited number of cases
passing through the catheterisation laboratory more
efficiently from the aspect of training. Under this pro-
posed system, core training in the catheterisation labo-
ratory will require less rather than more exposure to
procedures, as the objectives will be more tightly and
clearly defined. Taking non-interventional trainees
more rapidly through their period of training in the
catheter laboratory will allow them to devote more
time to other subspecialities of more direct relevance
to their future consultant practice, and will liberate a
greater number of procedures for trainees wishing to
concentrate on intervention as their career. This will
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Table 4. Curriculum for advanced training.

Knowledge Skills

Acquire: Be able to:
• A wide knowledge of literature and studies relevant to • Select intervention cases on the basis of comparing risk and 

catheterisation and intervention, including recent innovations outcome against surgical alternatives
• A thorough understanding of the specialised equipment • Select the best interventional solution to the patients problem

required for interventional procedures in congenital heart disease • Form a detailed plan of the interventional approach, including 

Know: strategies and equipment to deal with difficulties

• Technical details of all interventional procedures used in • Demonstrate a high level of procedural judgment

congenital heart disease • Carry out long-term follow-up of patients after 

• Technical problems associated with specific interventions interventional procedures

and their solutions • Undertake research activity related to cardiac catheterisation 

• The range of approaches available to solve interventional problems and intervention

• How to use a wide range of imaging modalities to support • Teach cardiac catheterisation

interventional work, for example, guidance using ` • Perform the following interventions independently:

transoesophageal echocardiography, resonance imaging, – Coil occlusion of patent arterial duct

or other three-dimensional techniques – Balloon dilatation of pulmonary valve
– Balloon dilatation of aortic valve
– Pulmonary arterial angioplasty
– Recoarctation angioplasty

• Perform the following interventions as first operator under 
supervision:
– Device occlusion of atrial septal defect
– Device occlusion of patent arterial duct
– Primary coarctation angioplasty
– Coarctation stenting
– Pulmonary arterial stenting
– Stent redilatation
– Coil embolisation of collateral vessels
– Retrieval of foreign body

• Collaborate with experts in performing complex 
interventions such as:
– Transseptal puncture
– Blade septostomy
– Radio frequency perforation of pulmonary atresia
– Ductal stenting
– Stenting of venous pathways after Senning and Mustard 

operations
– Transcatheter closure of ventricular septal defects
– Coil occlusion of coronary artery fistula
– Myocardial biopsy
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inevitably involve planning catheter lists in such a way
that they synchronise with training timetables. Cases
of a certain level of difficulty may need to be clustered
to allow efficient teaching.

At more advanced levels of training, it is impor-
tant to allow a progression of responsibility in the
conduct of procedures concomitant with increasing
experience and skill. In addition to graded exposure
to increasingly complex interventions, it is impor-
tant to offer a commensurate degree of independence
as an operator in more straightforward procedures,
thus preparing the trainee to assume responsibility
at consultant level. Where possible, supervision should
be at a distance, to encourage confidence and pro-
mote decision-making skills.

Trainees and trainers should set goals at regular
appraisal meetings. Both parties are then obliged to
meet these goals, or make all reasonable attempts to
do so within a realistic agreed time frame. If targets
are not met when there has been adequate opportu-
nity for training, questions may be asked about the
suitability of the trainee for interventional training,
or the ability, and commitment, of the trainer to
teaching. As competence is attained in a procedure,
the trainee may then leave further procedures of this
type to other trainees, with an obligation to perform
or supervise the procedure at intervals sufficient to
maintain the level of skill attained. Those undergo-
ing training at the advanced level should be exposed
to a large volume of patients exhibiting varied patho-
logy, including a suitable mixture of children and
adults with congenital heart disease.

When multiple trainees in a centre wish to pursue
advanced training in intervention, entry onto the 
programme should be competitive, as places will be
limited by the volume of work passing through the
catheterisation laboratory. The needs of trainees with
similar interests may be met by arranging rota-
tions between units, as gaps may exist in training 
programmes at other centres. Training programmes,
therefore, will need to be coordinated at a regional, or
even a national, level. Appointments for those accepted
for training, at least in the United Kingdom, may 
also need to be made on a regional or a national basis
to allow suitable rotations for training in the subspe-
ciality. An increase in numbers of consultants, and
therefore trainees, will be needed to provide such a
configuration of service and training. It is important
that training programmes are available for clinical
teachers, so that an instructor in intervention is certi-
fied competent both as an operator and as a teacher.

Number of procedures required for training

Most training programmes have presumed that
competence is achieved once a certain number of

procedures has been completed. This approach has
not taken into account the different rates of progress
of the individual trainees. The number of procedures
performed is no guarantee of proficiency. Indeed,
some trainees may need a large number of procedures
to reach an acceptable level of competence, whilst
other trainees may need a smaller number of proce-
dures. In Table 5, we compare the minimum number
of procedures currently required to complete pro-
grammes of training in cardiology in the United
Kingdom, Europe and North America. There is no
consensus, and there is no body of evidence to sup-
port the figures. The average number of procedures
needed to achieve competence is helpful in estimat-
ing the volume needed for training, but the average
may be insufficient for many trainees.

We need to move beyond criterions based on
experience to more valid and reproducible methods
of assessing competence, based on measured out-
comes, and evaluation by skilled teachers.24 Our
proposed programme for training in interventional
paediatric cardiology, therefore, does not indicate an
absolute number of cases to be performed to attain
competence. We anticipate, nonetheless, that the
majority of trainees seeking to gain competence in a
particular procedure will need to participate in at
least 10 cases involving the technique, with a graded
increase in responsibility. More experienced opera-
tors may require less exposure to achieve acceptable
levels of proficiency.

Demonstration of competence

In addition to establishing the curriculum for sub-
speciality training, and instituting efficient methods
of learning, a reliable and valid process of assessment
needs to be developed to ensure that standards of
competence are met. It is anticipated that the trainee
will gather evidence of competence during training,
and will present this at annual review to demon-
strate that the requirements of core training, or more
advanced interventional training, have been com-
pleted. Such evidence of competence may include
information similar to that already held by trainees.
In the United Kingdom, it will also include the results
of objective assessments currently being piloted 
by the Royal College of Physicians for use in all medi-
cal specialties.

Basic methods to be used for assessment

� The log-book. The trainee should maintain a log
of all catheterisations performed. This will
include details of the procedure performed and
the level of responsibility assumed, and should 
be countersigned prospectively by the training 
consultant. As already discussed, however, the
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log-book does not provide adequate information
on the quality of performance, and lacks validity
as an assessment method. It does, nonetheless,
give some indication of the breadth of the experi-
ence already gained by the trainee.

� The portfolio of educational achievements. Part of the
training curriculum requires development of
knowledge and skills beyond the technical
aspects of the procedure. The trainee should col-
lect evidence that such skills have been acquired
in a portfolio. This portfolio may include docu-
mentation proving attendance at catheter con-
ferences, evidence of research or teaching
commitments, evidence of attending didactic
teaching, or the written reflection on significant
cases in which the trainee has been involved. The
trainee should maintain the log-book in a more

comprehensive form, whereby aspects of teaching
and learning are highlighted for the procedures
undertaken by the trainee.

� The 360° assessment. Trainees should arrange to
undergo a structured 360° assessment that allows
colleagues and patients to feed back on the per-
formance of the trainee in relation to catheter pro-
cedures. Such questionnaires for use by the medical
specialities in the United Kingdom are currently
being developed by the education department of
the Royal College of Physicians, and will need to be
extended to subspeciality practice. Replies to the
questionnaire provide both formative and summa-
tive assessment, and should be retained as proof of
competence.

� The directly observed procedural skill. This is an
assessment carried out by a single consultant who
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Table 5. National and international requirements for training in cardiac catheterisation and intervention.

Basic Intermediate Advanced

Paediatric cardiology
1998 JCHMT No levels Note: In each of the programmes 
curriculum for higher specialist 50 diagnostic catheters described below, successful 
training,16 incorporating the (participate in year 1) completion of intermediate 
guidelines of the British 50 catheters (first operator in year 2) training is a prerequisite to 
Paediatric Cardiac Association 50 interventions commencing advanced training
for specialist training in (first operator by year 5)
paediatric cardiology17

Association for European No levels
Pediatric Cardiology18 100 diagnostic procedures performed 

independently  
25 interventions performed 
under supervision

American College of No curriculum developed for 
Cardiology interventional paediatric cardiology

Canadian Cardiovascular 100 diagnostic procedures 100 diagnostic procedures 75 interventions
Society12 (75 first operator) (75 first operator) (participate)

Adult cardiology
1998 JCHMT curriculum Basic subspeciality training: Advanced subspeciality training:
for higher specialist training,13 200 coronary angiograms 300 coronary angiograms 
incorporating the British (first or only operator) necessary before beginning 
Cardiac Society Guidelines 50 left and right heart catheters PTCA training (first or only 
for training in cardiology19 (first operator)  operator, unsupervised)

25 coronary interventions (as assistant) 100 coronary angioplasty 
procedures (50 as first operator)

European Board for the No levels
Specialty Cardiology20 Involvement in:

300 coronary angiograms
25 left and right heart catheters
50 coronary interventions (direct 
participation in 150 of the procedures)

American College of 100 catheters (participate) 300 diagnostic 250 coronary interventions
Cardiology10,21 (200 first operator)

Canadian Cardiovascular 100 catheters (participate) 300 catheters 250 coronary angioplasty 
Society22,23 (200 first operator) procedures (until capable of 

independent angioplasty)
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observes the trainee during a procedure. The
trainee is assessed objectively by marking his 
performance in various aspects of the procedure
against standard criterions. The encounter is
intended to be short, and to occur as a routine
part of training, so that each trainee can be evalu-
ated on several occasions by different consultants.
The idea has been developed from the mini-clinical
evaluation exercise used to assess the clinical
skills of residents in the United States of America.25

The objective nature of the assessment minimises
variability between observers, and repeated assess-
ments ensure reliability. Further objectivity may
be achieved by involving external assessors. The
concept of the directly observed procedural skill
is currently being piloted in other medical spe-
cialities. A format specifically tailored to the
requirements of paediatric interventional cardiol-
ogy will need to be developed, with input from
established catheterising cardiologists.

At present, there are no plans to introduce a knowl-
edge-based assessment for interventional trainees.
The methods of assessment will be taken together to
provide evidence of competence. Any deficiencies in
required skills should be identified at an early stage,
so as to allow remedial action. The process of assess-
ment should provide a comprehensive picture of the
ability of the trainee. Selection of cases, procedural
judgment, interpretative and technical skills, initia-
tive, reliability, complications, ability to make inde-
pendent and appropriate decisions, quality of clinical
follow-up, and interaction with other physicians,
patients and laboratory support staff must all be eval-
uated. The process should provide the trainee with
opportunities for self-reflection. Assessment should
not be viewed by trainees as another hurdle to nego-
tiate, nor should it be viewed as punitive, but rather
as a mechanism to allow them to improve their skills.

Summary

We have proposed a new stratified scheme for train-
ing in interventional paediatric cardiology that aims
to produce trainees with a level of competence
appropriate for modern practice as consultants.
Training should be more focused, thus permitting
skills to be developed efficiently, and higher stan-
dards to be attained. We advocate procedure-specific
accreditation, both to satisfy public concerns about
standards, and to protect operators. Advanced inter-
ventional training should be concentrated in the
final years of training, preferably within a dedicated
training programme. Number of procedures per-
formed should no longer be used to indicate compe-
tence, but should be replaced by a range of more
sophisticated methods for objective assessment.
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