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Editorial
Pediatric Cardiac Interventional Standards—Better Late Than Never!
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There is an adage in pediatrics that “children should not just be
treated as small adults.” For cardiologists, this can be expanded to
“congenital heart disease is not adult heart disease in a smaller anat-
omy.” The first comprehensive cardiac catheterization standards
consensus statement was published more than 20 years ago1 and
established a detailed description of the ideal cardiac catheterization
laboratory program standards to deliver quality care to patients. That
document primarily focused on the adult population and devoted little
space for the pediatric cardiac catheterization laboratory, encompass-
ing only 4 pages of the 43 written. Given the relative immaturity of the
field of pediatric interventional cardiology at the time, this may have
been sufficient, but over the past 2 decades, there has been rapid
development of devices, procedures, and techniques that have allowed
the field to flourish and advance both in complexity of interventions and
breadth of conditions treated. Professional societies for echocardiog-
raphy and electrophysiology have published multiple consensus
guidelines for the standards of care for pediatric patients,2–4 and while
there has been an update to the training requirements for congenital
interventional cardiologists,5–7 a pediatric cardiac catheterization stan-
dards document has not been published.

Therefore, this herculean task taken on by Holzer et al8 is a very
welcome addition to the literature and the practice of congenital
interventional cardiology. This thorough document replicates the
model of a consensus statement regarding standard operating pro-
cedures as is present in other specialties and in the adult population but
applies it to the pediatric cardiac catheterization laboratory. The report
spans the breadth of care from preprocedural preparation to post-
procedural care. The international and multispecialty composition of
the writing group was intended to allow this document to be applicable
to all regions and resource levels.

The authors should be commended for this effort to produce a long
overdue document for the congenital heart disease (CHD) population.
The sheer magnitude of the information contained in this document can
be overwhelming, and perhaps not all aspects are applicable to every
reader depending on their role and location, whether it is hospital
administrator, catheterization laboratory support staff, anesthesiologist,
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surgeon, or interventionalist. What can be appreciated is the sheer
amount of collaborative work and expertise that is required to establish
a successful congenital cardiac catheterization laboratory. With this
editorial, we present viewpoints from the perspective of a junior and
senior interventionalist from different eras and reflect upon the high-
lights of this document and what it means for the future of the field.
The senior interventionalist perspective—Shakeel Qureshi

The paper by Holzer et al has set incredible standards for guiding
training in interventions in patients with CHD around the world.
Currently the requirements and standards of training and competence
in such procedures are inconsistent. This is not surprising considering
the different levels of development of services in different countries,
varying from none to very highly advanced. Much depends on the
desire of the local teams to train and develop their skills, the commit-
ment from their hospitals and units, and perhaps most important of all,
the level of support offered by their governments.

When I started my training in pediatric cardiology and especially in-
terventions, we were expected to be at the frontline, learning all aspects
of care of our patients, such as assessment in the clinics, performing
echocardiography, performing diagnostic cardiac catheterization, and
later, interventions and care of the patients in the intensive care units
after their surgery. My interventional skills developed not in a structured
programof training but by assistingmy consultants during interventions,
learning from observing their skills, asking questions during the pro-
cedures, and then being asked to initiate the procedures while being
observed myself. There were no required number of procedures to
perform, no assessment of skills, and no attempt to meet desired stan-
dards. Much of the training was informal. We relied on our seniors/su-
pervisors to support us subsequently in progressing our careers. There
were no guaranteed posts, so we tended to stay in a post until the next
level post became available. How did I know that I had gained compe-
tence in interventions? I did not! I had informal discussions with my su-
pervisors and asked them for some feedback as to what sort of
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interventions I could perform safely. This meant that I had to develop
insight into my own level of skills and competence.

When I became a consultant and started to take responsibility for
training young doctors, I tried hard to avoid putting the trainees
through the same style that I had gone through (not that my training did
me any harm!). I looked at different aspects, such as imparting knowl-
edge about the types of equipment and how to use them, the radiation
exposure to babies, detailed hemodynamic assessment in our patients,
and the decisionmaking involved in interventions; however, the biggest
challenge was how to make someone competent and how to assess it.
In the United Kingdom and subsequently in Europe, through our
respective national and international associations, steps were taken to
develop standards in the catheterization laboratories and the curricu-
lum requirements for trainees. Since there was no evidence base, much
of the competence requirements were based on consensus. An
approximate number was considered adequate for a particular type of
intervention and was then written into guideline documents; however, it
was difficult to obtain any consensus across continents.6,7

The document by Holzer et al has been an incredible achievement in
obtaining international consensus about the best practices for cardiac
catheterization and transcatheter management of pediatric and adult
patients with CHD while considering resource-limited countries.
Because of the profound lack of evidence, the document had to rely on
consensus from the different international societies.

When I was training, there was no position such as director of a
catheterization laboratory, as we were expected to perform all aspects
of the care of our patients with CHD. Today, the position of director has
taken on an important role in some countries, although in the majority,
because of resource limitations, there is no such position. It is a chal-
lenge in the majority of countries to have a fully trained interventional
cardiologist more than 5 years beyond completion of fellowship with
“verifiable experience of at least 500 congenital cardiac catheterization
cases performed as first operator following completion of training.”
Although many pediatric interventional cardiologists will have acquired
such experience over time, there is no system of verification in these
countries, so this will be an important limiting factor for such a
consensus document. Many of the other requirements such as staffing
and reimbursement of physicians are a great wish list but are not
achievable by resource-limited environments, but that does not nullify
the recommendations and should not prevent their aspirations.

When it comes to competence, what the paper by Holzer et al
highlights is the lack of evidence, so the numbers again have had to be
agreed by consensus as to what the trainees need to fulfill basic, in-
termediate, and advanced levels of training. There are areas in which
most countries would struggle, such as procedural competency for
nonphysician staff, as there are no mechanisms in these countries for
data requirements for such staff to be assessed.

Where the paper by Holzer et al will have an important role in most
countries in the world is in the requirements for the ideal pediatric and
congenital cardiac catheterization laboratory suite. This is an area that
all operators in all the countries can use to negotiate with their hospital
administration when planning new catheterization laboratories; how-
ever, this area is only now assuming great importance around the world.
A slight concern in the document is the area of “resterilization may be
required.” In the current day and age with many transmissible diseases,
this should have been expanded, as the standards of resterilization are
completely variable and, in some countries, unacceptable.

The number of procedures required for competence is one of the
major challenges in this paper, as it is difficult to apply consistently
around the world as the authors have pointed out frequently throughout
the paper. The requirements of competency for the nonphysician staff
are another challenge, as even in developed countries, such staff are
either rotated on a short-termbasis and therefore cannot commit to such
training or do not receive enough support from their institutions to help
them develop.
There is a great deal of emphasis on mentorship, something that
was completely lacking in my training days. The trainees in those days
needed some luck in finding a trainer who cared sufficiently to follow
their future progress and provide advice.

The area of adult congenital heart disease (ACHD) interventions
being performed by noncongenital cardiologists is another challenging
area that is important in all parts of the world, whether developed or
resource-limited. In many of these countries, political influence seems
to determine whether these cardiologists practice interventions on
patients with ACHD. Again, these recommendations may be of value in
countries where they can be used to negotiate these issues.9

The practice of operator-managed sedation has drawbacks as it re-
quires the operator to not only concentrate on the practical procedural
steps of an intervention but also worry about anesthesia and sedation.
This can interfere with the interventionist’s levels of concentration and
may be a distraction, so this area will always need careful consideration.
This may be even more important in resource-limited countries.

A great deal of emphasis has been placed on radiation exposure to
patients and staff, a hugely important area. In my training days, this was
underemphasized, and so there are many pediatric and adult cardiol-
ogists who have suffered the long-term effects of exposure to radiation.
The younger generation needs to pay meticulous attention to this for
their long-term benefits. Of particular concern is the fact that in my
travels around the world to different catheterization laboratories, there
is either no or inadequate radiation monitoring of patients and staff in
congenital interventions.
The junior interventionalist perspective—Mohammad Alnoor

From an early career standpoint, I see this document as a reflection
of the past, present, and future of an interventionalist’s career. One of
the useful tools of this document is Training Evaluation Form (Supple-
mentary Appendix S2). While serving as a framework for maintaining an
adequate training program, it also is a good reflection of the changes
and advancements to the field that may occur, even within a few years
of interventional training. The authors point out that the first few years
of an interventionalist’s career serve as a continued time to train, and
with the rapid development of new procedures and devices, this form
shows how rapidly the field is advancing. In this update to the 2014
statement on interventional training,5 a welcome addition would have
been a reciprocal evaluation form for the training institution. The au-
thors highlight the importance of mentorship for early career physicians,
but there is currently no standard for the type of mentorship that would
be most effective for trainees. As congenital interventional training is
not currently accredited by any governing body, an evaluation of the
programs and mentors would be a beneficial tool to identify strengths
and weaknesses for each program and mentor to allow for growth and
improvement in the training of future interventionalists.

Additionally, this document is a valuable resource as it brings in
multiple individuals from different regions of practice to highlight the
standard operational procedures on a global scale. The knowledge
garnered from this document would otherwise require an individual to
travel and visit multiple laboratories in different locations to achieve the
same level of regional experience. This type of standards document
allows early career interventionalists to better understand the basics for
best practice to set themselves up for success and to identify areas for
improvement now and in the future. Having this reference is a valuable
resource in negotiations with current or future employers to ensure that
the cardiac catheterization laboratory is set up to provide the best care
for our patients both for interventionalists negotiating for support and
for administrators to justify investment.

In looking ahead toward a (hopefully) long career, a document such
as this also provides a direction of where to invest time and effort to
advance the field. One of the most prominent aspects of this report is
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the special attention and recommendations for adult congenital care.
Similar to pediatric interventions, and the special considerations in the
initial consensus statement in the adult cardiac catheterization report
published 20 years ago, special considerations for ACHD care are
included in many sections of this report. As pediatric interventions and
overall cardiac care continues to develop and improve, the ACHD
population will continue to rapidly grow and will have new needs as
they reach adulthood. However, as is pointed out by the authors, there
remains a lack of clarity of the best interventionalists to care for these
patients, as their medical requirements straddle that of both pediatric
and adult cardiologist expertise. Until clear training requirements are
established, the expertise of those performing procedures on the pa-
tients with ACHD will remain heterogeneous, so the younger genera-
tion of congenital interventionalists should set the framework for their
care. The interventions and decisions we make for the pediatric CHD
patients in their early years can have long-term impact and stay with
them into their adulthood. While pediatric congenital interventional
experience is clearly advantageous in the ACHD population, to a
certain extent it is also our responsibility to take on the challenge of
addressing our decisions decades down the line when our patients
become adults and solve the challenges that we assist in creating.

Ultimately, this guideline document sets a clear standard of best
practices, a very detailed list of goals, and a requirement that we should
try to achieve the standards of care in our own laboratories. Now that we
finally have this reference, there is no time to rest; rather, we have more
opportunities to identify areas in which we can improve and use this
document as a launching pad to continue improving care in our rapidly
changing field. We should already be thinking about the update to this
document and be able to provide more data and evidence-based rec-
ommendations to supplement the consensus statements. Hopefully, we
can be amore proactive force in setting the standards of care and be the
example for the rest of the interventional fields. Although adults are not
just large children, every adult started off as a child, and so it is fitting for
the standards of care to be establishedearly on and used as themodel as
patients transition to adulthood and beyond.

Declaration of competing interest

Shakeel Qureshi is a consultant for Numed Inc, Lifetech Inc, Venus
Medtech, Medtronic Inc, Abbott, and Occlutech. Mohammad Alnoor
reported no financial interests.
Funding sources

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.
References

1. Bashore TM, Bates ER, Berger PB, et al. American College of Cardiology/Society
for Cardiac Angiography and Interventions Clinical Expert Consensus Document
on cardiac catheterization laboratory standards: a report of the American
College of Cardiology Task Force on Clinical Expert Consensus Documents.
J Am Coll Cardiol. 2001;37(8):2170–2214. https://doi.org/10.1016/s0735-
1097(01)01346-8

2. Friedman RA, Walsh EP, Silka MJ, et al. NASPE Expert Consensus Conference:
radiofrequency catheter ablation in children with and without congenital heart
disease. Report of the writing committee. Pacing Clin Electrophysiol. 2002;25(6):
1000–1017. https://doi.org/10.1046/j.1460-9592.2002.01000.x

3. Lai WW, Geva T, Shirali GS, et al. Guidelines and standards for performance of a
pediatric echocardiogram: a report from the task force of the Pediatric Council of
the American Society of Echocardiography. J Am Soc Echocardiogr. 2006;19(12):
1413–1430. https://doi.org/10.1016/j.echo.2006.09.001

4. Philip Saul J, Kanter RJ, Abrams D, et al. PACES/HRS expert consensus statement on
the use of catheter ablation in children and patients with congenital heart disease:
developed in partnership with the Pediatric and Congenital Electrophysiology
Society (PACES) and the Heart Rhythm Society (HRS)Endorsed by the governing
bodies of PACES, HRS, the American Academy of Pediatrics (AAP), the American
Heart Association (AHA), and the Association for European Pediatric and
Congenital Cardiology (AEPC). Heart Rhythm. 2016;13(6):e251–e289. https://
doi.org/10.1016/j.hrthm.2016.02.009

5. Armsby L, Beekman RH, Benson L, et al. SCAI expert consensus statement for
advanced training programs in pediatric and congenital interventional cardiac
catheterization. Catheter Cardiovasc Interv. 2014;84(5):779–784. https://doi.org/10.1
002/ccd.25550

6. Duke C, Qureshi SA. Proposals for future training in interventional paediatric
cardiology. Cardiol Young. 2004;14(3):347–356. https://doi.org/10.1017/S1047951
104003208

7. Butera G, Morgan GJ, Ovaert C, Anjos R, Spadoni I. Recommendations from the
Association of European Paediatric Cardiology for training in diagnostic and
interventional cardiac catheterisation. Cardiol Young. 2015;25(3):438–446. https://
doi.org/10.1017/S1047951114001309

8. Holzer RJ, Bergersen L, Thomson J, et al. PICS/AEPC/APPCS/CSANZ/SCAI/SOLACI:
expert consensus statement on cardiac catheterization for pediatric patients and
adults with congenital heart disease. J Soc Cardiovasc Angiogr Interv. 2023.
https://doi.org/10.1016/j.jscai.2023.101181

9. Chessa M, Baumgartner H, Michel-Behnke I, et al. ESC Working Group Position
Paper: transcatheter adult congenital heart disease interventions: organization of
care – recommendations from a Joint Working Group of the European Society of
Cardiology (ESC), European Association of Pediatric and Congenital Cardiology
(AEPC), and the European Association of Percutaneous Cardiac Intervention
(EAPCI). Eur Heart J. 2019;40(13):1043–1048. https://doi.org/10.1093/eurheartj/
ehy676

https://doi.org/10.1016/s0735-1097(01)01346-8
https://doi.org/10.1016/s0735-1097(01)01346-8
https://doi.org/10.1046/j.1460-9592.2002.01000.x
https://doi.org/10.1016/j.echo.2006.09.001
https://doi.org/10.1016/j.hrthm.2016.02.009
https://doi.org/10.1016/j.hrthm.2016.02.009
https://doi.org/10.1002/ccd.25550
https://doi.org/10.1002/ccd.25550
https://doi.org/10.1017/S1047951104003208
https://doi.org/10.1017/S1047951104003208
https://doi.org/10.1017/S1047951114001309
https://doi.org/10.1017/S1047951114001309
https://doi.org/10.1016/j.jscai.2023.101181
https://doi.org/10.1093/eurheartj/ehy676
https://doi.org/10.1093/eurheartj/ehy676

	Pediatric Cardiac Interventional Standards—Better Late Than Never!
	The senior interventionalist perspective—Shakeel Qureshi
	The junior interventionalist perspective—Mohammad Alnoor
	Declaration of competing interest
	Funding sources
	References


