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Abstract

Background: Cardiovascular disease is a leading cause of morbidity and mortality in childhood
cancer survivors. Cardiologists must be aware of risk factors and long-term follow-up guide-
lines, which have historically been the purview of oncologists. Little is known about paediatric
cardiologists’ knowledge regarding the cardiotoxicity of cancer treatment and how to improve
this knowledge. Methods: A total of 58 paediatric cardiologists anonymously completed a
21-question, web-based survey focused on four cardio-oncology themes: cancer treatment-related
risk factors (n= 6), patient-related risk factors (n= 6), recommended surveillance (n= 3), and
cardiac-specific considerations (n= 6). Following the baseline survey, a multi-disciplinary team
of paediatric cardiologists and cancer survivor providers developed an in-person and web-based
educational intervention. A post-intervention survey was conducted 5 months later. Results:
The response rate was 41/58 (70.7%) pre-intervention and 30/58 (51.7%) post-intervention.
On the baseline survey, the percentage of correct answers was 68.8 ± 10.3%, which improved
to 79.2 ± 16.2% after the intervention (p= 0.009). The theme with the most profound knowledge
deficit was surveillance; however, it also had the greatest improvement after the intervention
(49.6 ± 26.7 versus 66.7 ± 27.7% correct, p= 0.025). Individual questions with the largest per
cent improvement pertained to risk of cardiac dysfunction with time since treatment (52.4 versus
93.1%, p= 0.002) and the role of dexrazoxane (48.8 versus 82.8%, p= 0.020). Conclusion:
Specific knowledge deficits about the care of paediatric cancer survivors were identified
amongst cardiologists using a web-based survey. Knowledge of surveillance was initially lowest
but improved the most after an educational intervention. This highlights the need for cardio-
oncology-based educational initiatives among paediatric cardiologists.

Advances in the treatment of childhood cancer have dramatically improved survival over the last
several decadeswith current 5-year overall survival rates over 80% resulting in an estimated 430,000
childhood cancer survivors living in the United States.1 However, cardiovascular disease remains
the leading cause of non-cancer-relatedmortality in these survivors.2 Childhood cancer survivors at
risk for cardiac dysfunction fall along a continuum of cardiovascular risk with a proportion of sur-
vivors who may benefit from paediatric cardiology consultation or ongoing cardiology care.
However, due to lack of formal training in cancer therapeutics and their cardiac toxicities, many
paediatric cardiologists may not be aware of the specific risks posed to survivors. In fact, a recent
study showed that nearly 40% of adult cardiologists reported discomfort with the cardiovascular
care of oncology patients.3 This results in many cancer survivors not receiving guideline-directed
care for their cardiovascular risk.4,5 For this reason, we sought to assess the baseline knowledge of
paediatric cardiologists in our large state-wide practice with regard to the cardiovascular aspects of
childhood cancer survivors and subsequently measured the impact of an educational intervention.

Materials and methods

A survey consisting of 21 multiple choice and true–false questions was developed by a multi-
disciplinary team of paediatric cardiologists and cancer survivor specialists (Supplemental
Table). The survey questions had four themes such as cancer treatment-related risk factors (n= 6),
patient-related risk factors (n= 6), recommended surveillance for cardiac late effects based on the
Children’s Oncology Group Long-Term Follow-Up Guidelines for Survivors of Pediatric,
Adolescent and Young Adult Cancers, version 4.0 (COG guidelines) (n= 3),6 and cardiac-specific
questions (n= 6). In February 2016, the anonymous survey was electronically distributed to
cardiologists in a large paediatric cardiology program, which comprised 58 cardiologists
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(46 attending physicians, 12 training fellows). The cardiology prac-
tice consisted of 22 clinics throughout the state ofGeorgia in amix of
rural and urban locations.While the practice is affiliated with a large
academic institution, at the time of the survey only 24% of attending
physicians practiced solely at the tertiary care hospital with 24%
practicing solely in affiliated clinics throughout the state and 52%
withmixed practices (Table 1). In the year the surveywas conducted,
there were nearly 30,000 outpatients evaluated by the practice with
over 38,000 clinic appointments and over 18,000 transthoracic
echocardiograms.

Threemonths after the initial survey, a multi-disciplinary educa-
tional session on cardio-oncology was presented at the practice’s
monthly operations meeting. Sixty-seven per cent of the practice’s
attendings and 33% of the fellows were in attendance (Table 1). The
presentation included information on common cardiotoxicities
related to cancer treatment and published guidelines related to
cardiovascular risk surveillance. The slides from the presentation
were distributed via e-mail to all members of the division as well
as an answer key for the survey with references. A month after dis-
tribution of the answer key, a follow-up survey was mailed to the
original cohort. The content of the follow-up survey was the same
as the baseline survey but the order of questions was scrambled. In
order to improve the response rate, a reminder e-mail was sent 4
weeks following the distribution of the follow-up survey.

Statistical methods

Statistical analyses were performed by using SAS v9.4 (Cary, North
Carolina, United States of America) and statistical significance was
assessed at the 0.05 level. Per cent of providers who answered cor-
rectly was calculated for each question. Pre-intervention and post-
intervention correct responses were compared using McNemar’s
tests. Theme results and overall resultswere reported asmeanper cent
correct ± standard deviation and were compared using paired t-tests.

Results

Pre-intervention results

The initial response rate was 72.4% (42/58) with 68.8 ± 10.3% of
the questions answered correctly. The theme with the most need
for improvement was recommended surveillance for cardiac
dysfunction, with the average correct response rate of 49.6 ±
26.7%. Overall, the most common misconception was that survi-
vors have an increased risk of future obesity compared to siblings
(12.2% correct). The topics with the lowest correct response rate
are listed in Table 2.

There were also several important areas where the need for fur-
ther education of cardiologists was identified (Table 3).While 97.6%
of the cardiologists correctly recognised that cardiac complications
are the most common non-malignant cause of morbidity and mor-
tality in childhood cancer survivors, less than half (45.2%) were able
to correctly identify the treatment and risk-related variables used to
determine surveillance frequency in the COG Guidelines,6–8 and
only 52.4% of respondents correctly answered that risk for cardiac
dysfunction increases with time since treatment. Regarding inter-
ventions tomitigate cardiac risk, only 48.8% correctly answered that
dexrazoxane has been associated with decreased risk of cardiotoxic-
ity in the paediatric population.9,10 Both non-modifiable patient risk
factors (i.e., female gender) and modifiable risk factors (i.e., co-
existing hypertension) associated with greater risk for cardiotoxicity
were only correctly identified amongst 55.0 and 59.5% of cardiolo-
gists, respectively.6 Concerning surveillance recommendations, only
19.1% correctly identified the recommended timing of surveillance
echocardiograms during pregnancy for high-risk female survivors,
in which echocardiograms are recommended during the third tri-
mester with close monitoring during labour and delivery due to the
risk of cardiac failure.6

Regarding specific cardiac late effects, 61.9% of cardiologists
correctly identified the wide spectrum of cancer treatment-associated
cardiac disease (cardiomyopathy, congestive heart failure, pericardial
fibrosis, valvular disease, atherosclerotic heart disease, and arrhyth-
mias),6 and 75.6% correctly selected all of the echocardiographic
measures shown to be different amongst cancer survivors at high
and low risk for cardiomyopathy with normal systolic function
(end-systolic wall stress, left ventricular end-diastolic diameter, left
ventricular mass, and tissue Doppler).6

Post-intervention results

Following the educational intervention, 30 cardiologists (51.7%)
responded to the post-intervention survey. There was an overall

Table 1. Characteristics of cardiologists in the practice

All cardiologists
(potential survey
respondents) n= 58

Cardiologists who
attended the
educational
meeting n= 35

Attending physicians 46 31

▪ practice solely at the
tertiary academic centre

11 11

▪ practice solely outside
the tertiary academic
centre

11 11

▪ mixed practice locations 24 9

▪ Cardiology fellows 12 4

Table 2. Topics included in the survey and educational intervention

Cancer treatment-related risk factors (6 questions)

Commonly implicated cancer treatments and dose dependence in
cardiotoxicity (n= 2)

Radiation-associated risk

Risk associated with at exposure and time since treatment (n= 2)

Dexrazoxane use for cardiotoxicity reduction

Patient-related risk factors (6 questions)

Gender and racial factors associated with cardiotoxicity risk (n= 2)

Modifiable risk factors (n= 4)

Surveillance (3 questions)

Risk factors used in the COG Guidelines for echocardiogram surveillance

Surveillance during pregnancy

Online cardiovascular risk calculators for this childhood cancer survivors

Cardiac-specific considerations (6 questions)

Late cardiac effects of cancer treatment (n= 2)

Biomarkers of cardiotoxicity related to cancer treatment (n= 2)

Exercise recommendations in high-risk survivors (n= 2)

COG: Children’s Oncology Group
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significant improvement in correct answers from 68.8 ± 10.3 to 79.2
± 16.2% (p= 0.009). When evaluating the questions by themes,
there was a significant improvement in treatment-related risk
(p= 0.008) and surveillance (p= 0.025) as well as borderline
improvement in patient-related risk (p= 0.066) and cardiac-specific
(p= 0.255) (Fig. 1). The questions with the most improvement
pertained to risk of cardiac dysfunction with time since treatment
(52 versus 93%, p= 0.002) and the role of dexrazoxane in cardio-
protection (49 versus 83%, p= 0.020). Other questions with signifi-
cant improvement related to the fact that African-Americans are at
increased risk for late cardiotoxicity (65 versus 93%, p= 0.035), and
that there is a web-based risk-assessment tool to estimate the risk of
congestive heart failure in survivors by age 40 (85 versus 100%,
p= 0.025).11 Following the educational intervention, the two
questions with correct response rates that remained less than
50% pertained to the risk of obesity in survivors (30.0% correct)
and the timing of surveillance echocardiograms during pregnancy
in high-risk survivors (41.4% correct).

Discussion

This study assessed the knowledge of paediatric cardiologists
regarding cardiotoxic risk in childhood cancer survivors and doc-
umented improvement in knowledge after a concise in-person and
online teaching intervention. Overall, we found that our practice
had good knowledge of cardiac late effects in childhood cancer sur-
vivors with a baseline overall correct response rate of nearly 70%.
However, we were able to identify specific knowledge deficits about
the care of paediatric cancer survivors, particularly around cardio-
vascular surveillance. With a multi-disciplinary educational initia-
tive tailored to cardiologists, we succeeded in significantly
improving the overall correct response rate to nearly 80%, with
the most notable improvement in the theme of surveillance for
cardiac dysfunction after cancer treatment. Importantly, these data
highlight that while paediatric cardiologists may not be sufficiently
armed with the knowledge to provide comprehensive care to
childhood cancer survivors, a concise, distributable educational
intervention can successfully enhance physician awareness.

Despite both a growing number of childhood cancer survivors
and wide recognition that cardiovascular disease is a leading cause
of morbidity and mortality in this population, most cardiologists
have little training in surveillance for or treatment of cardio-
vascular late effects.3 Previous publications have uncovered per-
ceived deficits cardiologists have when caring for survivors. In
2014, Barac et al sent a survey to 444 cardiologists including adult

and paediatric providers, mostly within academic settings. They
found that amongst responding cardiologists, 39% reported not
feeling comfortable with cardiovascular care related to cancer.
They also rated their oncology peers as “average” in their under-
standing of the impact of cancer treatment on the cardiovascular
system, and 52% of the cardiologists agreed that a dedicated
cardio-oncology program would improve patient care.3

Similarly, in a 2015 survey of 303 French medical oncologists, only
35% managed cardiovascular toxicities based on guidelines from
expert oncology societies, none were aware of recommendations
from expert cardiology societies, and the rate of screening for
cardiovascular disease was significantly higher pre-chemotherapy
than post-therapy, when many complications develop. Nearly 90%
of the oncologists supported the development of cardio-oncology
programs.12 In response to this, a number of professional societies
including the American College of Cardiology (ACC), National
Cancer Institute (NCI), National Heart, Lung and Blood
Institute (NHLBI), American Society of Clinical Oncology
(ASCO), and National Comprehensive Cancer Network (NCCN)
have created Cardio-Oncology member sections, educational initia-
tives, and guidelines.13–15While thesemay direct the development of
national guidelines in the area, they do little to address the funding,
infrastructure, and educational barriers cited by cardiologists.3

Additionally, dedicated cardio-oncology programs are not feasible

Table 3. Pre-intervention questions that were most commonly answered incorrectly and per cent correct on the follow-up questionnaire

Survey topics Initial % correct Final % correct p-value

Risk of obesity in childhood cancer survivors 12.2 30.0 0.057

Recommended echocardiographic surveillance of high-risk cancer survivors
during pregnancy

19.1 41.4 0.134

The variables used in the COG Long-Term Follow-Up Guidelines to determine the frequency
of echocardiographic surveillance

45.2 56.7 0.405

The potential of dexrazoxane to minimise cardiotoxicity in the
paediatric population

48.8 82.8 0.020

Gender disparities in risk for cardiac late effects 55.0 63.3 0.739

Increasing risk of cardiotoxicity with longer time since treatment 52.4 93.1 0.002

COG: Children’s Oncology Group
See Supplemental Table for complete list of questions

Figure 1. Comparison of per cent correct responses before and after survey. Asterisks
indicate significant improvement (p ≤ 0.05). The number in parentheses corresponds
the number of questions in that category.
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in small practices and rural locations, making dissemination of
information critical.

Little has been published about specific knowledge deficits of
paediatric cardiologists in regard to risk for cardiovascular dys-
function in childhood cancer survivors. Perhaps not surprisingly,
the cardiologists in this study had the highest pre-and post-
intervention cumulative scores on the cardiac-specific considera-
tions, including topics related to cardiac involvement, heart failure
assessment, and exercise recommendations. Unfortunately, the
participants had the lowest knowledge in the areas of surveillance
and treatment-related risk factors, which are arguablymore impor-
tant given that paediatric cardiologists are tasked with providing
counselling about screening, health behaviours, and management
of co-existing cardiovascular risk factors. Knowledge regarding
these themes impacts patient education regarding risk modifica-
tion which is particularly important because cardiovascular disease
in survivors is more likely to present many years after the comple-
tion of cancer treatment. This was clearly demonstrated in a report
from the St. Jude Lifetime Cohort, which found an increased preva-
lence of several cardiovascular conditions from 3–24% in survivors
aged 30–39 years to 10–37% in survivors over 40 years.16 However,
only approximately half of paediatric cardiologists correctly iden-
tified that cardiovascular disease increases with increasing time
since treatment on the initial survey. Our educational initiative
not only significantly improved cardiologists’ understanding of
long-term risk for survivors (p = 0.002), but also led to significant
improvements in the themes of surveillance and treatment-related
risk factors by focusing attention on these areas (50–67%, p= 0.025
and 72–84%, p= 0.008, respectively).

Our methodology could be replicated and tailored to the needs
of other paediatric cardiology programs at little to no cost. In the
era of modern medical education, smart-phone and web-based
educational tools have moved from a supplement to the forefront.
Our educational initiative has the potential to be more far-reaching
if converted to a web-based platform, with broader implications for
those cancer survivors who receive care in community-based prac-
tices rather than tertiary care academic settings. This has the poten-
tial to improve the status quo of under-diagnosed and undertreated
cardiovascular disease in this population.4,5 Additionally, there are
multiple other resources for cardiologists both online and within
the medical community to help individualise care for survivors
based on their specific risk factors. Cardiologists can begin by
reviewing the COG Guidelines which are freely available online
and describe the recommended frequency of screening echocardio-
grams based on radiation and anthracycline exposure as well as
providing references uponwhich the recommendations were based
(survivorshipguidelines.org/).6 To determine specific radiation or
anthracycline doses, cardiologists should familiarise themselves
with asking survivors questions like “Did you receive radiation that
could have included your heart?” or asking them to provide a sum-
mary of cancer treatment from their treating institution.
Alternatively, cardiologists should develop relationships with local
oncologists to foster communication and improve consultations.

While this study evaluated paediatric cardiologists’ knowledge
deficits surrounding survivor care and assessed the positive impact
of an educational intervention, there are limitations to our study as
well. First, due to the anonymous nature of the survey, responses
were not paired and individual improvement scores could not be
calculated. Moreover, it prevented us from determining if respon-
dents were present at the educational session. Additionally, we did
not assess the long-term effect of our intervention in participants’
knowledge as the repeat survey was sent less than 12 months

following the initial survey and less than 6 months following the
educational initiative. Furthermore, we also did not ascertain if
the gain in knowledge impacted the cardiologists’ practice and
improved the care of cancer survivors. However, future directions
of this study include evaluation of the number of survivors receiv-
ing guideline-directed cardiac surveillance, recommendations, and
treatment in our practice in order to assess the effect of these inter-
ventions. We would also like to assess survivor and provider sat-
isfaction regarding the comprehensiveness of care.

Conclusions

We have shown that a survey assessing paediatric cardiologists’
knowledge of cardiac care in childhood cancer survivors success-
fully identified areas on which to focus an educational interven-
tion. This allowed us to target deficits with a multi-disciplinary
intervention that was associated with a significant improvement
in knowledge amongst paediatric cardiologists. This underscores
a need for further education of paediatric cardiologists to improve
the overall care of childhood cancer survivors and the need for fur-
ther collaboration between paediatric cardiologists and oncologists
in the care of these patients.
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