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Abstract

Introduction: The aim of this study was to identify relevant content among four important
domains for the development and structure of a paediatric cardiac rehabilitation curriculum
for young patients with congenital heart disease using a consensus approach. Methods:
A three-round e-Delphi study among congenital heart disease and paediatric exercise physiol-
ogy experts was conducted. Round 1, experts provided opinions in a closed- and open-ended
electronic questionnaire to identify specific elements necessary for inclusion in a paediatric
cardiac rehabilitation programme. Round 2, experts were asked to re-rate the same items after
feedback and summary data were provided from round 1. Round 3, the same experts were asked
to re-rate items that did not reach consensus from round 2. Results: Forty-seven experts were
contacted via e-mail to participate on the Delphi panel, 37 consented, 35 completed round 1, 29
completed round 2, and 28 completed the final round. After round 2, consensus was reached in
55 of 60 (92%) questionnaire items across four domains: exercise training, education, outcome
metrics, and self-confidence. Conclusion:This study established consensus towards programme
structure, exercise training principles, educational content, patient outcome measures, and
self-confidence promotion. By identifying the key components within each domain, there is
potential to benchmark recommended standards and practice guidelines for the development
of a paediatric cardiac rehabilitation curriculum to be used and tested by exercise physiologists,
paediatric and adult congenital cardiologists, and other healthcare team members for optimis-
ing the health and wellness of paediatric patients with congenital heart disease.

CHDs are the most common type of birth defects affecting approximately 40,000 births per year
in the United States of America.1 The Centers for Disease Control and Prevention estimated that
over 2 million US infants, children, adolescents, and adults are living with CHD.2 Now that
survival has become the norm, it is important for healthcare providers to help these patients
develop and grow despite their life-long condition. Over the last three decades, physical activity
and exercise training have gained acknowledgement as being essential for maintaining good
health and improving quality of life for all ages.3 Children and adolescents with CHD can
and should be encouraged to participate in physical activity and regular exercise. Many patients
with CHDdo not engage in regular physical exercise, and although consensus reports have iden-
tified that exercise should be performed regularly and encouraged, unfortunately, it is not a
common practice.4

Cardiac rehabilitation programmes for adults have been widely established. Research has
significantly advanced adult cardiac rehabilitation ranging from simple monitoring pro-
grammes to multidisciplinary team approaches that promote physical activity and education.5

Cardiac rehabilitation has proven to be an effective modality with health benefits for adult
patients living with coronary heart disease with the goal being to delay and/or prevent further
disease and return to a former state of health.5 In sharp contrast, the goal for children with CHD
across a range of anatomic variants would be to help them rise towards their optimal cardiac
functioning and enable them to learn to thrive physically, socially, and emotionally.6 However,
research and available clinical resources similar to what has been achieved with coronary heart
disease are scarce for the CHDpaediatric population, and cardiac rehabilitation among this pop-
ulation has yet to be well defined.7

In the paediatric CHD population, studies published over the last 35 years cite benefits of
physical activity and structured exercise in patients with CHD,8–11 yet these studies lack con-
sensus and consistency on prescribing specific elements for inclusion into a formal cardiac rehab
programme. The commonalities among the research findings conclude that programmes should
broadly include aerobic, strength, and flexibility training, and be accompanied with education
and psychological intervention in order to achieve the desired physiologic and psychologic ben-
efits of exercise training.7 However, to date, there are no formal recommendations documenting
educational opportunities, optimal training quantity, intensity, type of training, or how to best
affect behaviour change and increase self-efficacy and confidence in the paediatric cardiac
rehabilitation field.
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The paucity of literature in this field identifies a need to specify
elements for inclusion in a formal paediatric cardiac rehabilita-
tion curriculum. The purpose of this e-Delphi study was to
identify relevant content for the development and structure of
a paediatric cardiac rehabilitation curriculum for young patients
(aged 8–18 years) with any form of CHD and establish consen-
sus around recommended standards and practice guidelines
that can be used by exercise physiologists (EP), paediatric
and adult congenital cardiologists, and other healthcare team
members. The main research question was, “What do experts in
congenital heart disease and paediatric exercise physiology
identify as optimal content for a paediatric cardiac rehabilitation
curriculum?” In order to explore the research question, four
separate domains guided the study. Domain 1 explored exercise
training elements, domain 2 explored education elements,
domain 3 explored outcome and assessment elements, and
domain 4 explored the importance of promoting self-confidence
in a paediatric cardiac rehabilitation programme.

Materials and methods

A three-round e-Delphi method was developed to identify specific
content for a paediatric cardiac rehabilitation curriculum. The
e-Delphi method for this study was selected for its efficiency
and ability to access a geographically distant and small specialised
group of CHD and paediatric EP. Institutional review board
approval for the study was obtained from Boston Children’s
Hospital and Simmons University and qualified as exempt from
the requirements of 45 Code of Federal Regulations 46.

A list of healthcare professionals in the field of CHD and
paediatric EP and rehabilitation from across the nation was
created from paediatric exercise clinical studies, the Pediatric
Heart Network and the vast network at Boston Children’s
Hospital.12 The expert panellists included CHD and paediatric
exercise professionals. CHD experts were providers who had a
minimum of 3 years of formal training in congenital heart disease
anatomy, physiology, and management (such as completing
Pediatric or Adult Congenital Cardiology Fellowship for
MD/DO’s) or who had been immersed in professional education
and practice in the field of congenital heart disease for at least
5 years (for Advanced Practice Providers), and who also spent at least
50% of their time working directly with congenital heart disease
patients as part of their careers. Exercise professionals were defined
as having a Master of Science (or higher) in Exercise Science/
Physiology, Exercise Related Field, or Physical Therapy and at least
1 year of exercise rehabilitation or exercise training experience in
paediatric CHD (Fig 1).

As a consensus panel usually consists of 15–30 participants
from the same discipline, or 5–10 participants from different pro-
fessional groups,13 the aim of the study was to invite a minimum of
20 experts from each field for a total minimum of 40 experts
because groups of more than 30 panellists do not seem to improve
results.13,14 Attrition was anticipated through the sequential
rounds, thus a minimum sample size of 20 participants was deter-
mined a priori to be sufficient. This study invited 47 experts:
20 experts met the CHD inclusion criteria and 27 experts met
the exercise professional inclusion criteria.

The Delphi is at greater risk for attrition, when compared to
other research methods, because it typically involves two to three
rounds, which can cause expert fatigue, distraction between
rounds, or discouragement with the Delphi research process.15

To prevent attrition and encourage commitment from the experts

in this study, a clear explanation of the e-Delphi process and study
expectations and instructions were provided during the informed
consent process before completing round 1.

Participant experts interested in taking part in the e-Delphi
study were given access to an online consent form and subsequent
surveys via a secure hyperlink provided to participants’ profes-
sional e-mail address. Confidentiality of data by the research team,
and anonymity between respondents, was maintained throughout
the study through the use of the protected online survey platform
(REDCap). Only the investigator had access to the password-
protected survey research.

Round 1 consisted of a literature-driven, investigator-developed,
and qualitative and quantitative questionnaire intended to define
the broad elements for inclusion in a paediatric cardiac rehabilita-
tion curriculum (Supplementary survey S1). Four parts of the ques-
tionnaire were developed to correspond with the four anticipated
domains required to seek expert stakeholder opinions.

In domain 1, experts were asked to “define paediatric cardiac
rehabilitation and identify exercise training elements necessary
to maximise physical fitness in children and adolescents with
congenital heart disease” using a survey which consisted of nine
open- and closed-ended questions with the option to comment
on each question. In domain 2, experts were asked to “identify edu-
cation topics that set heart healthy habits for life in children and
adolescents with congenital heart disease” using a survey which
consisted of 12 closed-ended questions and one open-ended ques-
tion. In domain 3, experts were asked to “identify patient outcome
measures and assessments for inclusion in a paediatric cardiac
rehabilitation curriculum for children and adolescents with con-
genital heart disease” using a survey which consisted of 22 open-
and closed-ended questions with the option to comment on each
question. Lastly in domain 4, experts were asked to “identify
whether promoting self-confidence was important to include in
a paediatric cardiac rehabilitation programme”. This survey con-
sisted of three closed-ended questions with the option to comment
on each question. In addition, one open-ended question was
included in this domain to collect feedback from experts regarding
any component they felt was critical to include in a paediatric car-
diac rehabilitation curriculum, but was not addressed in the four
domains.

The data collected and analysed from participants in round 1
were used to develop round 2 and round 3 surveys. This study used
three rounds, which took 4 months to complete, which is consid-
ered suitable.16 Consistent communication with reminder e-mails
were sent out automatically every week for up to 3 weeks to the
experts and one reminder e-mail was sent 3 days before each survey
expired. A summary of the aggregated results and open-ended
feedback was provided for rounds 1 and 2. It was determined in
round 2 that only one additional round was required and this
was communicated to participants to boost motivation and reduce
the potential for expert fatigue.

Consensus for the e-Delphi research study was determined a
priori and was considered achieved when themajority of the expert
panel responses met that threshold (described below). There is no
defined threshold for consensus in the Delphi literature. Some
researchers feel consensus occurs at 51% of participant endorse-
ment, while other researchers feel consensus occurs at 80%.17 It
is necessary to define consensus as pre-determined percentages
of participant responses on research questions before data
collection.18 For this e-Delphi research study, the operational
definition of consensus was predetermined to mean that 60%
of participants rated measures within one category for certain
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survey items. In addition, consensus would be considered if
at least 80% of participants rated within—two to three contiguous
categories for certain survey items. This criterion was chosen
because of the lack of literature available within each subject
domain. The purpose of using the multiple consensus assessments
was to get well-rounded results to add to the literature for future
research. Items that reached consensus were not rated again in any
subsequent round. Once desired consensus was reached between
rounds, the Delphi process was terminated.

Statistical analysis used in Delphi studies is descriptive, includ-
ing measures of central tendency (means, median, and mode)
and level of dispersion (standard deviation and inter-quartile
range) in order to present information reflecting the collective
judgements of respondents.17 Median and mode are generally
favoured. The use of these descriptive statistical methods pro-
vided an understanding towards determined consensus or lack
of consensus. Likert ranking scales were used in round I, II, and
III questionnaires in order to assess the level of agreement or
disagreement or level of importance of each item. Statistical
analysis for this study primarily used median, mode, and rela-
tive frequency for determining consensus. Qualitative responses
from open-ended questions and comments were analysed into
categories to develop new questions and reported back to par-
ticipants to gather further judgement and/or consensus when
needed.

In addition, the coefficient of variation was used for one item
that calculated a standard deviation to analyse how closely experts
agreed with the statement between rounds I and II. The absolute
difference was calculated by subtracting the coefficient of variation
obtained from round 2 from that obtained from round 1 [absolute
difference in coefficient of variation = coefficient of variation
(round 1) − coefficient of variation (round 2)], which determined
the stability between rounds. A small coefficient of variation value
is an indication that the data scatter or variation compared to the
mean is small, which signifies stability between rounds and no fur-
ther Delphi rounds needed. A large coefficient of variation value

compared to themean is an indication that the amount of variation
is large, suggesting the use of further Delphi rounds.19 Data from
REDCap were exported to Microsoft Excel, version 15.40, for data
analysis.

Results

Of the 47 experts that met the study inclusion criteria, 37 experts
agreed to participate (79% response rate): 15 were CHD experts
with a mean of 16.4 years immersed in professional education
and practice, and the remaining 22 were paediatric exercise
physiology experts with a mean of 13.3 years of exercise interven-
tion experience with paediatric patients with CHD. Table 1 shows
demographic characteristics of the e-Delphi panel members. Of
the 37 experts who initially agreed to participate, a total of 35
experts completed round 1 (95% response rate), 29 experts com-
pleted round 2 (83% response rate), and 28 experts completed
round 3 (80% response rate). Response rates for each round were
calculated based on the total number of participants in round 1.
Attrition was anticipated through the sequential rounds, and a
70% response rate or greater between rounds is considered
ideal.20 The study extended over 4 months using REDCap as
the online survey and data collection platform.21

Domain 1 results

Domain 1 explored how to define paediatric cardiac rehabilitation
and identify exercise training elements for the CHD population.
In round 1, experts rated eight closed-ended items, with the option
to provide comments, and one open-ended item. Feedback pro-
vided was categorised for each item and reported back to expert
respondents (Supplementary round 1 survey results S2). Of the
eight closed-ended questions, two items required revisions among
the categories that experts would choose from rounds 2 and 3. In
round 2, five of the eight questions (63%) reached consensus and
were not added to round 3, while three questions moved on to the

Inclusion Criteria #1

Inclusion Criteria #2

Criteria

Criteria

Minimum of a Master’s
degree in an exercise
science-related field

Minimum time length (at least 1 year):

Teaching, working, or publishing or
paediatric cardiac rehabilitation or
an exercise intervention programme
and with congenital heart disease
patients

Degree in Exercise and

-
-

-

-

-

-

-

-

Exposure to Congenital Heart Disease

Health Professional and Background/Training in Exercise

A registered clinical
exercise physiologist (or
equivalent)

Licensed medical
provider

Advanced practice
provider (NP, PA,
DNP)

Providers who have received a
minimum of 3 years of formal training
in congenital heart disease anatomy,
physiology, and management

Have been immersed in professional
education and practice in the field of
congenital heart disease for at least 5
years and spend at least 50% of their
time working directly with congenital
heart disease patients

PhD

Or

Or Or

Or

Figure 1. Delphi process – expert panel inclusion criteria.
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third round due to lack of consensus. In the third and final round of
this study, three remaining exercise training questions were
re-rated by the experts. One of the three questions (33%) reached
the consensus threshold, while two questions did not meet the
defined consensus cut-off (see Table 2).

In domain 1, experts strongly agreed (76%) with the stated def-
inition for a PCR programme for the CHD population: “Paediatric
cardiac rehabilitation is amedically supervised programme designed
to optimise a congenital cardiac patients’ cardiovascular function,
self-confidence, nutrition, and habits for leading heart healthy lives.
This includes physician prescribed, developmentally appropriate
exercise and physical activity goals, patient and family education,
psychosocial assessment, nutrition assessment, and outcomes
assessment”. General feedback included the possibility of reword-
ing “physician prescribed” to “clinically prescribed” due to the
nature of who typically “prescribes” the exercise, adding physical
function and/or cardiorespiratory fitness as a benefit, and thinking
about not limiting to “congenital cardiac patient’s”, but possibly
including non-congenital patients such as Kawasaki, cardiomyopa-
thy, and so on.

The following five exercise training elements that reached con-
sensus for inclusion in a paediatric cardiac rehabilitation pro-
gramme were: (1) patients should attend 26–36 medically
supervised structured exercise sessions, a few of the experts felt
the number of sessions should be individualised based on patient
status; (2) patients should attend outpatient cardiac rehabilitation
3 days per week, a few experts suggested 2–3-day ranges. If the data
were analysed using the contiguous method, 2–3 days per week

would have increased consensus to 97%; (3) patients should exer-
cise 3 days per week in a home-based exercise programme; (4) each
supervised exercise session should consist of 30–40 minutes spent
exercising and (5) each supervised exercise session should consist
of 60% aerobic training, 25% strength training, and 15% flexibility
training.

Domain 2 results

Domain 2 explored education elements. In round 1, experts rated
12 closed-ended questions and provided feedback on one
open-ended question. Fourteen of the 35 (40%) expert respondents
made comments regarding education in a PCR programme
(Supplementary Survey Round 1 Results S2). Based on the feed-
back provided, four additional education items were added to
round 2 for rating. Those education topics were CHD understand-
ing, alcohol and recreational drug use (specific to age), goal setting,
and medication adherence/understanding. In round 2, experts re-
rated 12 survey items. Eight of the 12 questions (67%) reached con-
sensus and were not added to round 3. The four initial questions
from round 1 and the four additional questions addedmoved on to
round 3. In round 3, experts re-rated eight survey items. Six of the
eight education questions (75%) reached consensus and two did
not meet the defined consensus cut-off (Table 3).

In domain 2, experts felt it was very important to include heart
healthy education in a paediatric cardiac rehabilitation programme.
Experts unanimously thought it was very important to include
family (parent, caregiver, siblings) in receiving heart healthy edu-
cation as well. When asked to rank the method of how education
should be received frommost to least, most felt it should occur dur-
ing an exercise session with both patient and family present, mid-
rank was during an individual exercise session and least preferred
method was during a group exercise session. When asked to rank
the method of how education should be delivered from most to
least, most felt it should be in person, second rank via an app, third
rank via video conferencing, fourth rank in print and the least pre-
ferred method was online.

Experts also rated the original eight education topics, which
were physical activity counselling, nutrition counselling, weight
management, mindset/confidence/anxiety management, lipid
management, blood pressure management, tobacco, and lifestyle
topics. The four additional education topics that were added based
on expert feedback were rated in rounds 2 and 3 for consensus.
Those topics again were the following: congenital heart disease
understanding, alcohol and recreation drug use (specific to age),
goal setting, andmedication adherence. Of the 12 education topics,
all but two topics reached consensus. The two topics that did not
meet the consensus cut-off were blood pressure management and
alcohol and recreational drug use.

Domain 3 results

Domain 3 explored patient outcomes and assessments. In round 1,
experts rated 21 closed-ended items and provided feedback on one
open-ended question regarding the frequency of ongoing assess-
ment for patients actively enrolled in a paediatric cardiac rehabili-
tation. Respondents felt it was very important to include baseline
assessments prior to starting cardiac rehabilitation (100%), to
include discharge assessments prior to exiting cardiac rehabilita-
tion (93%), and to include ongoing assessments during cardiac
rehabilitation (83%). Respondents provided suggestions for how
frequently ongoing assessments should occur for patients actively
enrolled in cardiac rehabilitation. Responses were analysed and

Table 1. e-Delphi panel demographics

Characteristic N %

Gender

Female 19 51.4

Male 18 48.6

Highest level of education

Master’s degree 17 45.9

MD 14 37.8

PhD 4 10.8

DNP 1 2.7

DPT 1 2.7

Additional certificates relevant to practice 19 51.4

Primary CHD practice setting

Academic hospital 35 94.6

Non-academic hospital 2 5.4

Private outpatient clinic 0 0

College/university 0

Community fitness centre 0

Other 0

Geographic region

Midwest 17 45.9

Northeast 13 35.1

South 6 16.2

West 1 2.7
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separated into five categories that experts would choose from in
round 2 and re-rate in round 3. Those category choices were the
following: every 2 weeks, every 30 days/monthly, every 45 days,
every 2–3 months, or halfway through the programme. Eight-
two per cent of respondents achieved consensus that ongoing
assessments should occur every 30 days (or monthly).

In addition, 11 of 35 (31%) expert respondents made comments
for other measurable patient outcomes to be included in a paedi-
atric cardiac rehabilitation programme (Supplementary survey
round 1 results S2). From this open-ended feedback, suggested
additional outcome measures were added to round 2 for rating.
The seven outcome measurements added were physical activity
tracked by activity monitors, rate of perceived exertion scale, bal-
ance assessments, ventilation/carbon dioxide ratio at peak exercise
and ventilator anaerobic threshold, oxygen pulse at peak exercise,
cardiac output as measured by inert gas breathing methods, and
formal psychological assessments. In round 2, experts re-rated
the 22 survey items and the additional 7 survey items that were
created from expert feedback. Fourteen of the 29 questions
(48%) reached consensus and were not added to round 3, and
15 remaining questions moved on to round 3. In round 3, experts
re-rated 15 survey items. Fourteen of the 15 outcome metric ques-
tions (93%) reached consensus, while one outcome metric, cardiac

output as measured by inert gas breathing method, did not meet
the defined consensus cut-off (Table 4).

Domain 4 results

Domain 4 explored the importance of promoting self-confidence
within a paediatric cardiac rehabilitation and sought out any addi-
tional components that should be included that were not on the
investigator-developed questionnaire. In round 1, experts rated
two closed-ended questions and provided comments on each
question. The third question identified those who include
self-confidence building techniques in their exercise programme.
Sixty per cent of experts responded “yes” to including self-
confidence building techniques. Fifteen of the 21 (71%) expert
respondents who answered “yes” shared their strategies/
techniques. Fourteen of the 25 (56%) expert respondents shared
ideas to promote self-confidence for this patient population; all
feedback was reported back to experts in round 2 (Supplementary
Survey Round 1 Results S2).

In addition, one open-ended question collected feedback
from experts regarding any component they felt was critical to
include in a paediatric cardiac rehabilitation curriculum but was
not addressed in the four domains. Eight of 35 (23%) expert

Table 2. Domain 1

Question number Consensus achieved (%) Description

1 – Defining paediatric cardiac rehabilitation 75.9* Strongly agree

2 – Number of medically supervised structured exercise sessions 82.2** 26–36 exercise sessions

3 – Number of days per week patients should attend outpatient cardiac rehabilitation 62.1* 3 days per week

4 – Number of days per week patient should exercise in a home-based exercise programme 72.4* 3 days per week

5 – Ideal average target heart rate training intensity during supervised cardiac rehab No consensus reached Wide variation among five categories

6 – Ideal mix of MICT and HITT during supervised cardiac rehab No consensus reached Wide variation among five categories

7 – Number of minutes spent exercising during each supervised session 65.5* 30–40 minutes

8 – The ideal mix of aerobic strength and flexibility exercise during a supervised training session

Exercise training type Total (%) Round 1 coefficient of variation Round 2 coefficient of variation Absolute difference in coefficient of variation

Aerobic 60 0.2 0.18 0.02***

Strength 25 0.35 0.26 0.09***

Flexibility 15 0.53 0.48 0.05***

*Consensus of >60% between rounds reached.
**Consensus of >80% between rounds within a range of two categories reached.
***Stability reached between rounds, the absolute value of the difference in CV< 0.20.
HIIT = high intensity interval training; MICT = moderate intensity continuous training.

Table 3. Domain 2

Very important Very important to important
Very important to moderately
important Important to slightly important

Physical activity 97%* Nutrition 86%** Tobacco/vaping 86%*** Lipid management 89%***

CHD understanding 71%* Weight Management 86%**

Goal setting 64%* Mindset/confidence/anxiety
management 90%**

Medication adherence and
understanding 64%*

Lifestyle 86%**

No consensus reached for BP management and alcohol and recreation drug use education.

*Consensus of >60% between rounds reached.
**Consensus of >80% between rounds within a range of two contiguous categories reached.
***Consensus of >80% between rounds within a range of three contiguous categories reached.
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respondents made general comments. Based on the feedback from
the general comments, five additional items were added to round 2
for rating. Topics included the incorporation of goal setting, collabo-
ration and support from other disciplines, inclusion of self-
assessments, developing support systems, and maintenance/
follow-up system for periodic check-ins (Supplementary survey
round 1 results S2).

In round 2, experts re-rated the two self-confidence questions
and reached the 60% consensus threshold set by the study on both
questions. Respondents felt it was very important to understand
the degree of self-confidence in helping to establish successful exer-
cise and heart healthy habits (62%) and to develop strategies to
promote self-confidence as part of a PCR (86%). Five additional
survey items were added to round 3 for re-rating. In round 3,

experts re-rated five survey items. Five out of five items (100%)
reached consensus (Table 5).

Discussion

Children and adolescents with CHD should participate in lifelong
physical activity. To achieve this goal, the literature recommends
many approaches that encourage, motivate, and educate patients to
become physically active and enhance their belief in their abilities.6

Patients who have participated in structured exercise intervention
studies have demonstrated improved physical activity levels,22–24

self-esteem, and mental health.25 Cardiac rehabilitation is a key
opportunity to instil these behaviours in the paediatric CHD pop-
ulation. However, there are no guidelines on how to implement as
part of a rehabilitation curriculum. The primary aim of this study
was to identify the necessary elements for a comprehensive paedi-
atric cardiac rehabilitation programme for children and adoles-
cents with CHD. This study achieved expert consensus among
many exercise training elements, education needs, and outcome
measures, and gave insight into strategies that could help develop
enhanced self-confidence in physical activity. The following dis-
cussion outlines the results of each of the four domains.

In domain 1, the goal was to define paediatric cardiac rehabili-
tation and reach consensus on specific exercise training elements
relevant to frequency, intensity, training, and type principles.26

Prior to this study the basic principles applied to exercise training
had been borrowed from the healthy paediatric population and the
definition of a paediatric cardiac rehabilitation programme was
defined and implemented by a single institution and not widely
disseminated to other paediatric programmes across the nation.
The achieved consensus among the experts of this study will serve

Table 4. Domain 3

Very important Very important to important
Very important to
moderately important Important

Moderately
important

Moderately important to
slightly important

Important to
slightly
important

Peak VO2

capacity 83%*
HR at rest, submax, max
exercise 83%**

Heart rate at VAT
93%***

Flexibility 66%* Lipid levels
66%*

Bone mineral density
tests 86%**

Balance
assessments
97%***

Muscle strength 90%** BP at rest, submax,
max 86%***

PA measured
accelerometer
68%*

Blood glucose
levels 69%*

Psychosocial questionnaires
83%**

ECG telemetry 93%***

QOL questionnaires 93%** Peak METS 83%***

Self-confidence questionnaires
83%**

Anthropometric measures
100%***

Physical activity
questionnaires 93%**

VE/VCO2 ratio at peak
exercise and
VAT 93%***

VO2 capacity at VAT 93%** Formal psychological
assessment
89%***

RPE 82%** O2 pulse at peak exercise
100%***

No consensus reached for cardiac output as measured by inert gas breathing method (Innocor)

*Consensus of >60% between rounds reached.
**Consensus of >80% between rounds within a range of two contiguous categories reached.
***Consensus of >80% between rounds within a range of three contiguous categories reached.

Table 5. Domain 4

Very important Very important to important

Incorporate goal setting 68%* Collaboration and support from
other disciplines (PT, NPs, MDs,
neuropsych, behavioural health,
etc.) 93%**

Develop support systems (engaging
patients with kids and/or young
adults with CHD to share
perspectives) 61%*

Include self-assessments 93%**

Develop a maintenance (follow-up)
system that allows for periodic
check-ins 64%*

*Consensus of >60% between rounds reached.
**Consensus of >80% between rounds within a range of two contiguous categories reached.
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to define paediatric cardiac rehabilitation in the CHD population
for future cardiac rehabilitation programmes and research.

The recommended frequency for attending a paediatric medi-
cally supervised exercise programme according to the majority of
experts was 26–36 sessions, where 36 sessions are the standard
recommendation for adults. Most experts felt 3 days per week were
optimal; however, if analysed using a two-category cluster range,
which increased the consensus percentage significantly, 2–3 days
per week would be a more acceptable recommendation. This is
consistent with multiple studies that have measured the efficacy
of a medically supervised exercise programme, where most studies
have reported patients attending 2 or 3 days per week.7 Experts also
recommended patients should engage in an additional 3 days per
week of home exercise. According to the most recent guidelines, it
is recommended that healthy children and adolescents engage in
at least 60 minutes or more of moderate to vigorous daily physical
activity.27 The current e-Delphi study supports that at least
5–6 days per week of exercise is important and should be encour-
aged during participation in a paediatric cardiac rehabilitation
programme.

Two items that did not achieve consensus were related to the
intensity of exercise training. That the first item, setting a standard
exercise training intensity, did not reach consensus. This is consis-
tent with the exercise and CHD literature in which training inten-
sity ranges vary greatly.7 The e-Delphi process used for this study
highlighted a possible reason for this variation, which was a
concern that the complexity and range of congenital heart disease
sub-types would necessitate individualised exercise intensity based
on disease severity rather than using a universal standard baseline.
The second item that did not reach consensus was the question of
high intensity interval training versus moderate intensity continu-
ous training. Adult heart disease literature has found improve-
ments in aerobic capacity when utilising high intensity interval
training protocols with higher work interval intensities.28 To date,
there have been no studies that have explored this type of training
in children and adolescents with CHD; therefore, it is plausible that
paediatric experts could not reach consensus on recommending
the ideal mix of moderate intensity continuous training and high
intensity interval training for patients with CHD due to lack of
exposure or data on this method. One aspect worth noting is that
just over half of the experts in this study did agree to a 70% mod-
erate intensity continuous training and 30% high intensity interval
training mix, yet the set consensus agreement threshold of 80%
was not reached. The inconsistency and lack of consensus around
exercise training intensities will remain a challenge until future
research studies explore this training principle in paediatric
patients with CHD.

The time and type of exercise performed during a medically
supervised exercise session are also important principles to con-
sider when prescribing exercise. The majority of experts in this
study recommend patients spend at least 30–40 minutes exercising
during each supervised session and that each supervised exercise
session consists of 60% aerobic training, 25% strength training,
and 15% flexibility training. Aerobic exercise is themost frequently
reported type of training performed during cardiac rehabilitation
programmes for multiple reasons; however, the benefits of adding
strength and flexibility training often vary in the literature, as well
as the amount of time spent exercising.7 This study is the first to
document a consensus of the ideal mix of exercise training type and
time spent exercising for patients with CHD.

More importantly, many of the physical activity recommenda-
tions, such as frequency, time, and type that exist for the healthy

children and adolescents, are comparable with this study’s expert
consensus recommendations for young patients with CHD.7 These
new consensus exercise recommendations will help guide health-
care providers in the future develop appropriate, individualised
exercise prescriptions for patients who attend a paediatric cardiac
rehabilitation programme.

In domain 2, experts were queried about the importance
of heart healthy education topics and how to best deliver and
receive patient and family education in a paediatric cardiac reha-
bilitation programme. Every expert panel member agreed it was
“very important” that both the patient and family receive educa-
tion while attending a medically supervised cardiac rehabilitation
programme. Experts ranked in-person education as the most pre-
ferred method of delivery, while the primary delivery mode for
adult education occurs in group settings.

Education methods, as well as education topics, are grossly
under-studied in the CHD patient population yet widely estab-
lished in the adult cardiac rehabilitation model. This consensus
study is the first to the author’s knowledge to identify education
topics around heart healthy habits for children and adolescents
with CHD. Paediatric patients with CHD have different educa-
tion needs when compared to adult patients with heart disease.
While topics that reached high importance in this study such as
physical activity, disease understanding, medication adherence
and understating, and nutrition are similar topics taught for adults,
the content within each topic is unique and requires special con-
siderations. Also, topics of goal setting and the concept of mindset,
confidence, and anxiety management have not been previously
identified in the literature in a paediatric cardiac rehabilitation set-
ting, but were felt to be “very important” by the expert panel.
Including these topics in a directed way could lead to improved
health outcomes when combined with exercise interventions for
patients with CHD. Developing and testing an education curricu-
lum as part of a paediatric exercise programme will be an impor-
tant research endeavour for the future.

Three topics that are often included in adult education pro-
grammes either were not considered important or did not achieve
consensus. Specifically, lipid management received a low impor-
tance ranking, while blood pressure management and alcohol
and recreational drug use did not reach consensus. This supports
the notion that paediatric and adult cardiac rehabilitation pro-
grammes are different, and while one model is successful in reduc-
ing cardiovascular disease risk factors through structured patient
education by providing practitioners with specific recommenda-
tions for dyslipidaemia, hypertension, and alcohol and recreational
drug use, a model for paediatric patients with CHD should educate
and empower children and adolescents about the importance of
improving physical activity and overall quality of life through a
variety of heart healthy education topics.

Domain 3 addressed the need for identifying specific outcome
measures and assessment needs for patients who attend a paediat-
ric cardiac rehabilitation programme. In order to optimise health
and wellness both physically and mentally, healthcare team mem-
bers need a standardised comprehensive approach for assessing
patient outcomes. A “Cardiac Rehabilitation Outcome Matrix”
that connects outcome evaluation to core components of care
has been developed and used in adults.29 This structural framework
provides a list of measures that guides programmes in the develop-
ment of standardised assessment protocols to accommodate their
individual needs.

Serial cardiopulmonary exercise testing that measures the
physiological benefits of exercise training in CHD is most often
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reported in studies, and results from this study are consistent with
that literature.6,7,11 Experts ranked several cardiopulmonary exer-
cise testing variables as high importance, such as peak and submax-
imal oxygen uptake and heart rate responses. Important outcome
measures such as balance assessments, bone mineral density tests,
lipid levels, and blood glucose levels that are important outcomes
and regularly measured in the adult cardiac and secondary preven-
tion programmes were reported as least important in this study.
This is the second indicator that paediatric cardiac rehabilitation
programmes are unlike adult cardiac rehabilitation programmes,
supporting the need for a separate outcome matrix. The majority
of experts agreed it was necessary to assess patients every 30 days or
at least once a month.

The one measurement that did not reach consensus was cardiac
outputmeasured by inert gas breathingmethods, which is a unique
practice in paediatric exercise physiology testing labs and was an
outcome measure suggested from a few experts on the e-Delphi
panel. There was wide variability among this category which
may be related to the complexity of using this testing method
and/or lack of personnel and resources needed in order to measure
this outcome successfully. Further research using this as an out-
comemeasurement in paediatric cardiac rehabilitation is warranted.

To the authors’ knowledge, this consensus study is the first to
rank the importance for specific outcomes while identifying new
measures that could lead to the creation of a framework and
guide a comprehensive outcome assessment for paediatric cardiac
rehabilitation programmes. Furthermore, as paediatric cardiac
rehabilitation programmes continue to grow and become better
recognised, the use of a standardised approach for data measure-
ment and collection will only strengthen future research and
benefit patients with CHD who enrol in paediatric cardiac reha-
bilitation programmes.

Finally, the purpose of domain 4 was to explore and share ideas
towards promoting and developing self-confidence strategies as
part of a paediatric cardiac rehabilitation programme. There are
no studies to date that have sought ways to best develop trans-
formative experiences while attending a medically supervised
exercise programme in which the patient gains widespread self-
confidence. In this research, experts noted that it was “very important”
to assess the degree of self-confidence that assists patients with CHD
to establish successful exercise regimens, heart healthy habits, and
strategies to promote and enhance that self-confidence.

Surprisingly, although this is not widely discussed in the liter-
ature, more than half of the experts in this study reported including
self-confidence building techniques in their programme. Of those,
71% shared their strategies in the open-ended questions. Some
examples were positive self-talk; promotion of physical activity
self-efficacy through motivational interviewing, praise, and struc-
tured goals that are easy to meet; collaboration with psychologists
within the programme; positive reinforcement; encouragement;
and having reward systems. When asked to share ideas to promote
self-confidence, 40% of experts responded. Some ideas shared were
similar to what some experts already include in their programmes,
and other ideas were new, such as including ‘celebrations’ of suc-
cess and the promotion of self-directed activities. There is very lim-
ited data regarding these practices, yet experts not only value the
concept of promoting self-confidence, they are also incorporating
these techniques in their own programmes. These findings are
important for future collaboration and research efforts in the field
of paediatric cardiac rehabilitation.

This study is unique and contributes to the literature as it estab-
lished consensus to inform programme structure, exercise training

principles, educational content, and patient outcome measures,
and explored the importance of including self-confidence strate-
gies for a paediatric cardiac rehabilitation programme. Given
the high response rate in such a small and specialised field, where
there are only a handful of identified paediatric cardiac rehabilitation
programmes in the United States of America, this research andmeth-
odology speaks to the validity of the data collected.

There are known limitations of an e-Delphi research design.
First, the pressure of conformity concern, which could lead to poor
group decision-making, is a weakness of the Delphi method over-
all. However, the mode was also reported after each round as the
mean and median can sometimes skew the distribution, and com-
ments were allowed during each round to voice concerns. Next,
participants did not have the option to justify their responses in
the second and third round of data collection, which makes the
handling of opposing opinions challenging. This was addressed
by allowing participants to leave general comments and reflections
at the end of each survey round, which was taken into account by
the investigator. Lastly, it is not guaranteed that every expert in
CHD and Exercise Physiology was identified and contacted and
the few that did not respond to the survey may have altered the
results.

Given the scarcity of resources available to design an exercise
and education programme, these findings contribute to the current
research utilised by hospitals and other institutions to build
effective programmes that maximise the health benefits of their
patients. Before this study, there was no template or consistent
practice for how to exercise train and educate patients with
CHD. In addition, there were no clear indications for what to
use as clinical patient outcome markers in a paediatric cardiac
rehabilitation curriculum.

This study is the first to identify detailed content for a compre-
hensive paediatric cardiac rehabilitation programme. These prac-
tice guidelines within each domain set a new benchmark for the
future development and implementation for paediatric cardiac
rehabilitation programmes. It is now time to finalise the first
comprehensive paediatric cardiac fitness curriculum from the con-
sensus data and disseminate these results and educate other heart
centres looking to implement paediatric cardiac rehabilitation pro-
grammes for their patients with CHD.

Supplementary material. To view supplementary material for this article,
please visit https://doi.org/10.1017/S1047951120002346
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