Table S1. Background for statements presentation

Statements

Background

Summary of survey* results as basis of the topics addressed

Selection and framing of statements

Considerations for optimal ACE-I

dosage

1

There is a need for clear
monitoring schedules for the
early detection of acute kidney
injury in paediatric patients on
ACE-I therapy.

25% of participants reported not following any specific
criterion to decide when to stop increasing ACE-I dose
and/or withdraw therapy when deterioration of the renal
function is detected.

Disparity in the cut-off values selected by those that base

Little specific guidance has been published (Kantor et al. 2013, Taketomo,
Hodding and Kraus 2014), poor description of criteria followed in most of

2 | There is a need for clear blood decisions on a formal limit. paediatric heart failure studies.
pressure cut off points for Only 29 out of 100 participants reported following a formal
decision making when up- blood pressure cut-off value to decide when to withdraw
titrating the dose of ACE-T in ACE-I if hypotension develops in the context of the
paediatric patients. therapy.

3a | In the ACE-I dose up-titration Due to the complexity of the topic, discussion about adequate dosing schedules
phase daily dose should NOT of the different ACE-I in the different age groups was out of the scope of this
be increased at less than 48h study. We identified two general criteria that might serve as staring points in the
intervals. achievement of standard dosing criteria.

3b | In the ACE-I dose up-titration Wide variability in the starting and maintenance ACE-I The supplement table of the paediatric guideline elaborated by the Canadian

phase the optimal way to
proceed is to double the dose
at each up-titration step.

doses in use reported to treat heart failure in children.

Cardiovascular Society (Kantor et al. 2013) recommends increasing the
captopril dose every 48h. This is the shortest suggested interval we identified in
the literature for ACE-I up-titration in paediatric patients with heart failure.

The ESC guideline for the management of heart failure in adults (McMurray et
al. 2012 supplementary information: McMurray et al. 2005) recommends
doubling the dose at each step during up-titration in the therapy of heart failure.
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Selection and framing of statements

If deterioration of the renal
function occurred in a patient
on ACE-I therapy,
concomitant diuretic
medication should be
readjusted before deciding to
down titrate/ stop up-titrating
the ACE-L

Participants repeatedly commented on the influence of
concomitant diuretic therapy in the strategy to be best
adopted when deterioration of renal function develops in
the context of ACE-I.

ESC guideline for the management of heart failure in adults (McMurray et al.
2012 supplementary information: McMurray et al. 2005) recommends
considering first reducing the dose of diuretics, if no signs of congestion exist,
when deterioration of renal function is detected in patients on ACE-I.

If no adverse events occur,
ACE-I dose should be
increased to the target dose,
even if the patient has already
experienced improvement
with a lower dose.

Division of opinion on how to establish optimal ACE-I
maintenance dose: 42% aim for target dose, 45% stop when
improvement is observed.

ESC guideline for adults recommends aiming “for target dose or, failing that,
the highest tolerated dose” (McMurray et al. 2012 supplementary information:
McMurray et al. 2005). These target doses are those that were used and showed
an improvement in survival and hospitalizations in key randomized trials.
Evidence in adults suggests that clinical symptoms appear to be inadequate in
determining optimal ACE inhibitor dose level (Lopez-Sendon et al. 2004)

In order to maximise the
accuracy of the ACE-I dose
given, the use of different
types of formulations for a
patient throughout the
duration of the treatment
should be avoided.

Half (47%) of the respondents indicated that the ACE-I
formulations they prescribe are provided to their patients
from more than a single source.

As no licensed paediatric appropriate formulation is commercialised in Europe,
pharmacies provide formulations individually prepared for the patients under
prescription. It has been documented that a wide variety of unlicensed and
untested ACE-I formulations, with no proven bioequivalence, are used
interchangeably in Europe (Mulla et al. 2007, Pabari et al. 2012). Sometimes
parents have to crush tablets and dissolve or disperse them for administration to
their child.

It is not possible to be confident that the rate and extent of ACE-I absorption do
not vary according to its formulation.
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ACE-I for the management of
congenital heart diseases

7 | Paediatric patients with
asymptomatic mitral or aortic
regurgitation benefit from
ACE-I therapy

92 of the participating physicians reported using ACE-I to
treat patients with valve regurgitation; 33 treat only
symptomatic patients, 44 both symptomatic and
asymptomatic and 15 reported using them only for
asymptomatic patients. In summary, approximately one
third of these participants reported not using ACE-I to treat
asymptomatic patients with valve regurgitation.

Hemodynamic benefits of ACE-I have been observed in children with valve
regurgitation in some small experimental studies (Alehan et al. 1997, Calabro et
al. 1999, Mori et al. 2000), all of which included only patients with no heart
failure symptoms.

8 | Paediatric patients with
pressure overload lesions
should be routinely prescribed
ACE-L

Half of the participants reported using ACE-I in the context
of pressure overloading lesions.

ISHLT Practice Guidelines for Management of Heart Failure in Children
(Rosenthal et al. 2004) stated “In pressure-induced left ventricular hypertrophy,
with normal myocardial function, ACE inhibitors are not recommended in the
absence of a non-cardiac indication such as hypertension. (Level of Evidence C;
Strength of Recommendation I11)”.

The appropriateness of treating patients with pressure overloading lesions such
as aortic stenosis with drugs acting in the renin-angiotensin-aldosterone-system
in has been debated. Concerns about the potential risks have prevented the
widespread use of ACE-I to treat concomitant hypertension in this context,
however evidence in adults suggests these concerns are largely unfounded (Cox
et al. 1998, Marquis-Gravel et al. 2016)

9 | ACE-I therapy should NOT be
routinely instituted for all
patients with single ventricle
congenital heart disease, but
could be considered in
specific cases such as in
situations of valve
regurgitation or ventricular
dysfunction.

84% of the survey participants reported using ACE-I to
treat symptomatic and/or asymptomatic patients with single
ventricle congenital heart diseases.

The only large randomized controlled trial published testing the effects of ACE-
I in children with single ventricle concluded their results did “not support the
routine use of enalapril in this population” (Hsu et al. 2010). Other small
experimental studies (Kouatli et al. 1997, Lee et al. 2011) also failed to prove
any benefit.

ISHLT 2014 guideline (Kirk et al. 2014) recommendation in this regard: “ACE-
I therapy should not be routinely instituted for all patients with single ventricle
congenital heart disease, but could be considered in specific cases such as in
situations of valve regurgitation or ventricular dysfunction.”
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Neurohumoral antagonists for the
management of heart failure related

to dilated cardiomyopathy

10

If beta-blockers are to be
introduced for the
management of heart failure,
patients should also receive an
ACE-I concomitantly.

11

Beta-blockers should be
considered for the
management of patients with
heart failure in asymptomatic
stages.

94% of the participants reported using beta-blockers in
symptomatic patients. Approximately half of them
introduce ACE-I first ad add beta-blockers in a further step
if patients remain symptomatic.

55% of the 89 survey participants that reported prescribing
drug treatment to patients with DCM that are asymptomatic
choose a therapy that includes a beta-blocker; 29% in a
two-drug only combination with an ACE

A Cochrane review of 2016 (Alabed et al. 2016) concluded there is not enough
evidence to encourage or discourage their use but existing data suggest that
children with congestive heart failure might benefit from treatment with beta-
blockers. In adults, beta-blockers are recommended in both symptomatic and
asymptomatic patients with heart failure with low ejection fraction, always in
combination with an ACE-I. However, benefits in asymptomatic patients
without a history of myocardial infarction are less clear and recommendations
not uniform (Mc Murray et al. 2012, Yancy et al. 2013). Paediatric guidelines
have adopted similar recommendations in the absence of definitive paediatric
data (Kantor et al. 2013; Kirk et al. 2014).

12

Aldosterone antagonists
should only be introduced for
patients with persisting
symptoms despite treatment
with ACE-I (+/- beta-blocker).

61% of the participants reported starting the therapy of
symptomatic DCM patients with a drug regimen based on
an ACE-I and an aldosterone antagonist.

Aldosterone antagonists have proven to have a positive impact in terms of
survival and hospitalizations reduction in adults with heart failure when used at
low doses (below those prescribed when used with diuretic purposes). ESC
guidelines for the management of heart failure in adult patients (McMurray et
al. 2012) recommend the use of aldosterone antagonists “for all patients with
persisting symptoms (NYHA class II-1V) and an EF < 35%, despite treatment
with an ACE inhibitor (or an ARB if an ACE inhibitor is not tolerated) and a
beta-blocker”. No evidence exists in this regard for children, but the Canadian
Cardiovascular Society has integrated this recommendation into their paediatric
guideline (Kantor et al. 2013). The ISHLT guideline says, “it is reasonable to
consider aldosterone antagonists in children”, but is no concrete about timing of
introduction (Kirk et al. 2014).

13

Paediatric validated scores for
heart failure severity staging
should be connected with
pharmacotherapeutic
recommendations in further
guidelines.

Only half of the physicians questioned reported making use
of clinical scores to evaluate the effectiveness of the
therapy.

The grading of heart failure signs and symptoms in children remains
challenging. Some scores to grade the severity of heart failure in children have
been developed (Ross et al. 2012) and even though none of them has been
validated yet as surrogate clinical endpoints with large number of patients,
neurohormonal activation and deteriorating clinical status have been shown to
correlate with increasing class (Hsu and Pearson 2009). However, no standard
definitions seem to be routinely applied. ISHLT (Kirk et al. 2014) and Canadian
(Kantor et al. 2013) paediatric guidelines on heart failure management apply
also self-developed and adult-adapted scales when making recommendations of
therapy by heart failure stage.

* A Europe-wide survey on the pharmacological management of paediatric heart failure was conducted between January and May 2015. Hundred paediatricians dedicated to cardiology, representing 100
different hospitals in 27 European countries participated: Castro Diez C, Khalil F, Schwender H, Dalinghaus M, Jovanovic I, Makowski N, Male C, Bajcetic M, van der Meulen M, de Wildt SN., Ablonczy
L, Szatmari A (f), Klingmann I, Walsh J, Léer S. Pharmacotherapeutic management of paediatric heart failure and ACE-I use patterns: a European survey. Submitted 1st October 2018 to BMJ Paediatrics
Open.
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