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Abstract In 2004, practice guidelines for the management of heart failure in children by Rosenthal and colleagues
were published in conjunction with the International Society for Heart and Lung Transplantation. These guidelines
have not been updated or reviewed since that time. In general, there has been considerable controversy as to the utility
and purpose of clinical practice guidelines, but there is general recognition that the relentless progress of medicine
leads to the progressive irrelevance of clinical practice guidelines that do not undergo periodic review and updating.
Paediatrics and paediatric cardiology, in particular, have had comparatively minimal participation in the clinical
practice guidelines realm. As a result, most clinical practice guidelines either specifically exclude paediatrics from
consideration, as has been the case for the guidelines related to cardiac failure in adults, or else involve clinical practice
guidelines committees that include one or two paediatric cardiologists and produce guidelines that cannot reasonably
be considered a consensus paediatric opinion. These circumstances raise a legitimate question as to whether the
International Society for Heart and Lung Transplantation paediatric heart failure guidelines should be re-reviewed.

The time, effort, and expense involved in producing clinical practice guidelines should be considered before recom-
mending an update to the International Society for Heart and Lung Transplantation Paediatric Heart Failure guidelines.
There are specific areas of rapid change in the evaluation and management of heart failure in children that are
undoubtedly worthy of updating. These domains include areas such as use of serum and imaging biomarkers, wearable
and implantable monitoring devices, and acute heart failure management and mechanical circulatory support. At the
time the International Society for Heart and Lung Transplantation guidelines were published, echocardiographic tissue
Doppler, 3 dimensional imaging, and strain and strain rate were either novel or non-existent and have now moved into
the main stream. Cardiac magnetic resonance imaging (MRI) had very limited availability, and since that time imaging
and assessment of myocardial iron content, delayed gadolinium enhancement, and extracellular volume have moved into
the mainstream. The only devices discussed in the International Society for Heart and Lung Transplantation guidelines
were extracorporeal membrane oxygenators, pacemakers, and defibrillators. Since that time, ventricular assist devices have
becomemainstream. Despite the relative lack of randomised controlled trials in paediatric heart failure, advances continue
to occur. These advances warrant implementation of an update and review process, something that is best done under the
auspices of the national and international cardiology societies. A joint activity that includes the International Society for
Heart and Lung Transplantation, American College of Cardiology/American Heart Association, the Association for
European Paediatric and Congenital Cardiology (AEPC), European Society of Cardiology, Canadian Cardiovascular
Society, and others will have more credibility than independent efforts by any of these organisations.
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IN 2004, PRACTICE GUIDELINES FOR THE MANAGEMENT

of heart failure in children by Rosenthal et al1

were published in conjunction with the Inter-
national Society for Heart and Lung Transplantation.
These guidelines have not been updated or reviewed
since that time. In general, there has been consider-
able controversy as to the utility and purpose of
clinical practice guidelines, but there is general
recognition that the relentless progress of medicine
leads to the progressive irrelevance of clinical practice
guidelines that do not undergo periodic review and
updating. Paediatrics and paediatric cardiology, in
particular, have had comparatively minimal partici-
pation in the clinical practice guidelines realm, and as
a result most clinical practice guidelines either
specifically exclude paediatrics from consideration,
as has been the case for the adult heart failure
guidelines, or else involve clinical practice guidelines
committees that include one or two paediatric
cardiologists and produce guidelines that cannot
reasonably be considered a consensus paediatric
opinion. These circumstances raise a legitimate
question as to whether the International Society for
Heart and Lung Transplantation paediatric heart
failure guidelines should be re-reviewed.

Evolution of the clinical practice guidelines

Jacobs et al2 recently reviewed the 30-year history of
the American College of Cardiology and American
Heart Association Clinical Practice guidelines
experience. The American College of Cardiology/
American Heart Association effort was originally
initiated in response to a United States governmental
request, and since that time has developed into a
sustained effort across multiple venues of cardiac care.
The Jacobs review highlights the tension between
evidence-based and consensus-based recommenda-
tions that characterises the clinical practice guide-
lines process, but rightly points out that it is often
where evidence is lacking or incomplete that clin-
icians are most interested in guidance from clinical
experts. This review also highlights the continuing
evolution of the methodology used for producing
guidelines3 and notes that the clinical practice
guidelines methodology itself is primarily a con-
sensus rather than a data-driven product. The
intrinsic uncertainty of the validity of both the pro-
cess and, therefore, its outcome contributes to the
scepticism that is frequently voiced concerning
clinical practice guidelines, and the resistance that
often accompanies efforts to enforce compliance with
these recommendations. The American College of
Cardiology/American Heart Association report also
recognises the need to harmonise clinical practice

guidelines between organisations and countries,
because the differences between the guidelines from
various sources is another factor that contributes to
the uncertainty surrounding reliance on clinical
practice guidelines.

Rationale for clinical practice guidelines

The American College of Cardiology/American
Heart Association review2 provided a definition of
clinical practice guidelines taken from an Institute
of Medicine report published in 2011: “statements
that include recommendations intended to opti-
mize patient care that are informed by a systematic
review of the evidence and an assessment of the
benefits and harms of alternative care options”. The
Jacobs et al review2 states that “when patients are
treated according to American College of Cardiol-
ogy/American Heart Association Class I recom-
mendations, outcomes are improved”, and cites as
evidence data indicating that in-hospital mortality
is significantly reduced when American College
of Cardiology/American Heart Association Class I
recommendations are followed.4 Although use of
guidelines may improve care in some instances, it
is often not known whether this is the case because
most clinical practice guidelines have not been
systematically tested to document whether they
improve outcomes and even the definition of
“Class I recommendations” has changed over time;
however, as noted by the Jacobs et al review, the
even larger dilemma with clinical practice guide-
lines arises from the fact that very few recom-
mendations qualify as Class I and there are very
few data indicating that care is improved by Class
II or III recommendations.
In addition to improved care, justifications for

undertaking clinical practice guidelines that are
frequently put forward include increased standardi-
sation of care and documentation of specific areas of
uncertainty where further investigation is required.
It is also worth noting that once published, clinical
practice guidelines are often used to justify
re-imbursement and also as a basis of judging the
quality of care, and, as such, these uses are often taken
into consideration by the committees even if they do
not constitute the primary motivation.

Clinical practice guidelines updates

The American College of Cardiology/American Heart
Association review also touches briefly on the process
for updating clinical practice guidelines. This
includes a twice-annual review of late-breaking clin-
ical trials published at major meetings and a scan
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of the literature pertaining to each guideline topic.2

The decision as to what “new evidence” gets included
in these twice-annual reviews is based on a number of
criteria intended to improve the level of confidence
associated with the review, relying on criteria such as
publication of a full report rather than an abstract,
methodological adequacy, inclusion of data that
affect safety and efficacy, consistency with other
clinical practice guidelines, along with other con-
siderations. The American College of Cardiology/
American Heart Association methodology includes
the option to publish focussed updates as stand-
alone documents referencing but not duplicating
the original clinical practice guidelines in the
printed version, but, nonetheless, producing an
electronically available document of the updated
clinical practice guidelines. In addition to these
interval updates, a full re-review is performed peri-
odically, and the American College of Cardiology/
American Heart Association Clinical Practice guide-
lines have on average a 4- to 5-year interval between
revisions.
Among the criticisms that have been voiced

concerning the clinical practice guidelines process,
the exclusionary nature of the committees has been
one of the factors that has limited their acceptance as
“consensus” opinions. The committees are generally
constituted by the same or nearly the same panel of
experts for each update and re-review, with mini-
mum changes in personnel that often span decades.
This persistence of the same “experts” raises questions
as to their willingness to recognise the deficiencies in
their previous recommendations. Of note, although
all clinical practice guidelines undergo peer review by
a select group of content experts, there is no formal
mechanism whereby interested individuals can provide
commentary that might be of interest to the com-
mittee, and there is no mechanism for independent
arbitration of conflicts.

Status of the International Society for Heart
and Lung Transplantation Paediatric Heart
Failure guidelines

Although there are some differences in methodology
and terminology between the process used in pre-
paring the International Society for Heart and Lung
Transplantation guidelines and the typical American
College of Cardiology/American Heart Association
process, the most notable difference is undoubtedly
the lack of a systematic update process. Since the
publication of these guidelines, there have been other
clinical practice guidelines published that are of
relevance to the paediatric community. The recent
publication of an American College of Cardiology/
American Heart Association guidelines for the

management of heart failure5 specifically excludes
heart failure in children and heart failure secondary to
congenital heart lesions in adults from its scope.
Although the Yancy et al publication indicates that
“the reader is referred to publically available resources
to address questions in these areas”, it does not
actually cite any such resources. In point of fact, given
the paucity of relevant data in children, these “adult”
guidelines will certainly influence paediatric heart
failure, and in most instances the data reviewed in
these guidelines represent the only available infor-
mation from which opinions concerning paediatric
heart failure can be derived. Kantor et al6 have
recently published Canadian Cardiovascular Society
guidelines for the presentation, diagnosis, and
medical management of heart failure in children. The
scope of the Canadian Cardiovascular Society’s pae-
diatric heart failure review was considerably broader
than that of the International Society for Heart and
Lung Transplantation, which primarily focussed on
medical management. The methodology was also
different, and defining equivalent categories between
the International Society for Heart and Lung Trans-
plantation and the Canadian Cardiovascular Society
guidelines is, therefore, challenging; however, the
Canadian Cardiovascular Society shared an important
limitation with the International Society for Heart
and Lung Transplantation guidelines in that it did
not engage the several interested societies that may
have been interested in co-sponsoring this effort. As
noted in the American College of Cardiology/Amer-
ican Heart Association Clinical Practice guidelines
review cited above,2 independent guidelines from
different organisations can result in conflicting advice
that represents a source of concern to clinicians. If
there are genuine differences between societies, it is
problematic to label the outcome as consensus-based,
let alone as evidence-based. A specific example of this
is the independently published Hypertrophic Cardio-
myopathy Clinical Practice guidelines published by
the American College of Cardiology/American Heart
Association7 and the European Society of Cardiology.8

The American College of Cardiology/American Heart
Association guidelines rely on a genetically based
definition of the disease limiting the term to sarco-
meric gene defect-related disease and specifically
excluding hypertrophic cardiomyopathy associated
with systemic disorders such as Noonan Syndrome
and Friedreich Ataxia, whereas the European Society
of Cardiology guidelines rely on a phenotypically
based definition of the disease, specifically including
hypertrophic cardiomyopathy associated with sys-
temic disorders such as malformation syndromes,
infiltrative disease, metabolic and mitochondrial
disorders, and endocrine disorders in their disease
definition. A discrepancy as fundamental as how to
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define the disease raises considerable concern about
the basis for the guidelines themselves, as, in theory,
the evidence reviewed by the two committees would
be fundamentally different in scope.

Problems with clinical practice guidelines

The limited clinician acceptance of and adherence to
clinical practice guidelines have been well-documented
and there are undoubtedly many factors that contribute
to this resistance. Although there are undoubtedly a
number of psychological factors that contribute,
there are also a number of scientifically justified
concerns about the outcome of clinical practice
guidelines. As discussed above, systematic evaluation
of whether clinical practice guidelines result in
improved outcomes is rarely undertaken, leaving
doubt about their scientific validity. There is also a
well-documented progressive expiration of the
validity of the findings in randomised controlled
trials and clinical practice guidelines, with an average
expiry of 5 years, as illustrated in Figure 1.9

Perhaps the most worrisome fact is that the clinical
practice guidelines advice can simply be wrong, as,
for instance, in the case of the paediatric diagnostic
criteria promulgated in the Hypertrophic Cardio-
myopathy Clinical Practice guidelines put forward by
the American College of Cardiology/American Heart
Association in 20117 and by the European Society
of Cardiology in 2014.8 Both these organisations
recommended a wall thickness z-score> 2 as the
diagnostic criteria for hypertrophic cardiomyopathy
in children. It is worth noting that this recommen-
dation was not supported by any data or even a stated
rationale. As, by definition, a z-score of 2 in normals
represents the value 2 standard deviations above the
mean value for the normal paediatric population, this
criterion means (again, by definition) that 2.3% of
the normal population will have values above this
threshold. When compared with the estimated pre-
valence of hypertrophic cardiomyopathy in the adult
population of 1/500 (0.2%),10 this definition means
that application of this diagnostic criterion in adults
would result in >90% misdiagnosis. This, of course,
is why the diagnostic threshold for the diagnosis of
hypertrophic cardiomyopathy in adults is a wall
thickness above 15 mm, which represents a value 7
standard deviations above normal (z-score= 7) in
adult men as the normal range is 6–10 mm
(mean= 8 mm and standard deviation= 1 mm);11

however, the frequency of over-diagnosis in children
is actually much higher than the predicted 11-to-1
value in adults, as disease onset is rarely seen before
adolescence, resulting in an overall incidence of only
0.47 per 100,000 in children.12 The fallacy of this

guideline can be further illustrated by the fact that a
17-year old of adult stature (body surface area= 1.8)
with a wall thickness z-score of 3 would be, in
accordance with the Hypertrophic Cardiomyopathy
Clinical Practice guidelines published by the American
College of Cardiology/American Heart Association
and European Society of Cardiology, diagnosed with
hypertrophic cardiomyopathy, only to learn upon
achieving age 18 that he or she did not have even a
suspicion of hypertrophic cardiomyopathy because
the left ventricular wall thickness is only 11 mm. We
can only hope that these guidelines are not followed,
or else this 17-year old would be excluded from
competitive sports with potential consequences that
could include loss of college scholarship in addition
to the depression, social isolation, and other adverse
consequences commonly seen when this diagnosis is
made during adolescence.

Issues specific to paediatric clinical
practice guidelines

The rationale for the publication of paediatric-specific
heart failure clinical practice guidelines was clearly
delineated in the 2004 International Society for
Heart and Lung Transplantation publication. First,
this is an important issue for paediatric cardiology,
as the burden of disease related to paediatric heart
failure is high. Second, the aetiology of heart failure is
usually quite different in children compared with
the adult population. Although the primary cardio-
myopathies are shared across all ages, CHD is more
commonly the cause of heart failure in children, and
both ischaemic heart disease and heart failure with
preserved ejection fraction are rarely encountered in
the young. Finally, the committee concluded that,
although adult heart failure guidelines are available,
“given the significant differences between adult and

Figure 1.
Overall survival time (95% Cl), free of signals for updating.
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pediatric patients with heart failure, there is little
reason to believe these guidelines are directly
applicable to children”.1 Nevertheless, despite these
notable reasons to not rely on data obtained from
studies performed in adults with acquired heart
disease, the clinical practice guidelines produced a
total of 40 recommendations consisting of no Class I
recommendations – that is, those based on multiple
randomised controlled trials – 10% Class II – based
on either a single randomised controlled trial or
multiple non-randomised studies – and 90%Class III –
based on expert consensus opinion.
There are many reasons for the shortage of rando-

mised trials in paediatrics in general, and in paediatric
cardiology in particular. When new therapies are intro-
duced, it is generally agreed that the most ethical choice
is to first test these therapies in adults who can provide
their own consent for research participation rather than
in children, for whom consent is always by proxy. The
primary exception to this is for diseases that occur pri-
marily or only in children. Heart failure clearly sits on
the edge of this stipulation because, although heart
failure is more commonly seen in adults, many of the
underlying causes in children are primarily paediatric
diseases, raising the possibility that the same symptom
complex may have a fundamentally different therapeutic
response in children. The question as to whether the
unique aetiologies in paediatric heart failure are asso-
ciated with any potential differences in the neuro-
hormonal response that is the dominant target of heart
failure therapies remains unanswered. Consequently, in
the absence of data suggesting that the response to
therapy in adults cannot be extrapolated to children,
once even questionable evidence of efficacy in adults is
obtained, in practice there is usually a very short window
of opportunity between evaluation of safety in children
and loss of equipoise.13 This dilemma can at times be
avoided, as has been the case for losartan as therapy for
Marfan syndrome,14 wheremultiple trials were launched
simultaneously in adults and children shortly after the
promising work in animals was published. The fact that
testing in children and adults was synchronous is in
large part attributable to alleviation of the usual ethical
concerns, because this was a new indication for an
approved drug with no significant safety issues.
A second huge obstacle to randomised clinical

trials in children is rarity of disease and difficulty in
recruitment. The angiotensin-converting enzyme
inhibitor after anthracycline trial15 included 4308
participants, 401 of whom were eligible for partici-
pation, with a total of 146 participants finally enrolled.
This sample size was adequate to document a small
but predictable fall in blood pressure associated with
therapy and an associated reduction in wall stress, but
no significant improvement in exercise tolerance or
ventricular function. The sample size required to

detect efficacy in diseases such as heart failure is
quite large – for example, one of the seminal studies
documenting the efficacy of angiotensin-converting
enzyme inhibitor therapy for heart failure, the SOLVD
study,16 enrolled 4228 heart failure patients with an
average ejection fraction of 28%, randomised them to
placebo versus enalapril, and followed-up the partici-
pants for 3 years. They found a lower rate of heart
failure-related hospitalisations in the treatment group,
but even a study of this size failed to document a
mortality benefit. The need to achieve enrolment of
this magnitude represents a nearly insurmountable
obstacle for paediatric heart disease.
To date, these obstacles have led to an extreme

paucity of randomised controlled trials in heart fail-
ure in children. The likelihood that this will change
measurably in the foreseeable future, particularly for
issues that can be addressed in adults, is quite small.
In fact, in the absence of data suggesting that there
is a difference in the physiological milieu of heart
failure in children it is difficult to justify withholding
therapy of proven efficacy in adults. There are indeed
different diseases and different causes of disease in
children that require independent study in children,
and these should be the target of proposed randomised
controlled trials. The paediatric clinical practice
guidelines process should focus on review of not
merely the results of randomised controlled trials in
children, but also on the data concerning the under-
lying physiology to determine those conditions
characterised by physiological cardiovascular effects
that are similar versus distinct from the heart diseases
characteristic of adults. Moreover, one of the charges
for the clinical practice guidelines committee should
be to identify areas where the level of knowledge
concerning the age-specific physiology of therapeutic
targets is inadequate, rather than limiting the review
to the proven benefits of therapies.

Summary

The time, effort, and expense involved in producing
clinical practice guidelines should be considered
before recommending an update to the International
Society for Heart and Lung Transplantation Paedia-
tric Heart Failure guidelines. There are specific areas
of rapid change in the evaluation and management of
heart failure in the paediatric population that are
undoubtedly worthy of updating. These include areas
such as use of serum and imaging biomarkers,17

wearable and implantable monitoring devices,18,19

and acute heart failure management and mechanical
support.20–22 At the time the International Society
for Heart and Lung Transplantation guidelines were
published, echocardiographic tissue Doppler, 3D
imaging, and strain and strain rate were either novel
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or non-existent and have now moved into the main-
stream. Cardiac MRI had very limited availability,
and since that time imaging and assessment
of myocardial iron content, delayed gadolinium
enhancement, and extracellular volume have moved
into the mainstream. The only devices discussed in
the International Society for Heart and Lung Trans-
plantation guidelines were extracorporeal membrane
oxygenators, pacemakers, and defibrillators. Despite
the relative lack of randomised controlled trials in
paediatric heart failure, advances continue to occur.
These advances warrant implementation of an update
and review process, something that is best done under
the auspices of the national and international
cardiology societies. Cardiology (AEPC), European
Society of Cardiology, Canadian Cardiovascular
Society, and others will have more credibility than
independent efforts by any of these organisations.
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