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ABSTRACT
Background: Congenital heart disease, the most common congenital
anomaly, often presents in neonates. Because of perceived risks,
health care providers may consider deferring immunizations in this
population. We sought to understand the perceived risk of immuni-
zations in those providing health care to children with particular heart
conditions.
Methods: A survey, which included 6 hypothetical scenarios assessing
immunization recommendations, was distributed internationally to
relevant health care providers, and responses were compared between
the different scenarios.
Results: Majority of responses (n ¼ 142) were from paediatric cardi-
ologists (n ¼ 98; 69%) and nurse practitioners (n ¼ 27; 19%) located
in the United States (n ¼ 77; 54%) or Canada (n ¼ 53; 37%) working in
academic teaching hospitals (n ¼ 133; 93.7%). Most favoured
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R�ESUM�E
Contexte : La cardiopathie cong�enitale e l’anomalie cong�enitale la
plus courante e est souvent observ�ee chez les nouveau-n�es. En raison
des risques perçus, les dispensateurs de soins de sant�e peuvent par-
fois envisager de reporter la vaccination chez ces patients. Notre but
�etait de comprendre le risque perçu à l’�egard de la vaccination par les
dispensateurs de soins de sant�e traitant des enfants atteints de cer-
taines cardiopathies.
M�ethodologie : Un sondage comprenant six sc�enarios hypoth�etiques
visant à �evaluer les recommandations de vaccination a �et�e distribu�e à
des dispensateurs de soins de sant�e pertinents dans diff�erents pays, et
leurs r�eponses pour les diff�erents sc�enarios ont �et�e compar�ees.
R�esultats : La majorit�e des r�epondants (n ¼ 142) �etaient des car-
diologues p�ediatriques (n ¼ 98; 69 %) ou des infirmières praticiennes
(n ¼ 27; 19 %) des États-Unis (n ¼ 77; 54 %) ou du Canada (n ¼ 53;
Congenital heart disease (CHD) is the most common
congenital anomaly, occurring in approximately 1 in 100 live
births.1 Most haemodynamically significant CHD is diag-
nosed before 2 months of age. Changes in pulmonary phys-
iology in the first few weeks of life lead to development of
symptoms in several types of CHD, particularly left to right
shunts. This is also a critical time in development, with the
physiologic nadir of haemoglobin and the peak occurrence of
sudden infant death.

The majority of standard infant immunizations globally are
scheduled for initial doses at 6 weeks to 2 months of age, as
recommended by the World Health Organization.2-4 Adverse
events occur after all vaccines, including risk of a febrile
illness. The most commonly reported adverse effects include
fussiness (1 in 3 children), redness and swelling at the injec-
tion site (1 in 4 children), low-grade fever (1 in 4 children),
drowsiness and poor appetite (1 in 10 children), vomiting
(1 in 50 children), and fever above 40.5�C (1 in 16,000
children).5,6 Because of this risk at a time when physiology is
changing and CHD may become symptomatic, care providers
are often asked if the immunizations should be given as
normal or deferred until the CHD has been treated or has
stabilized. Although there are guidelines for delaying
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vaccinations (n ¼ 107; 75.4%) and less likely to proceed with the first
immunization in infants with structural heart disease compared with
channelopathy (risk ratio: 0.80, confidence interval: 0.73-0.87;
P < 0.001). Only 40% would proceed with immunization as normal in
an infant with manifest Brugada type I electrocardiogram. Special
precautions after the immunization included longer duration of
observation (19%) and administering prophylactic antipyretic medica-
tion (92%).
Conclusions: Respondents were 20% more likely to defer immuniza-
tions in the presence of treatable structural heart disease as compared
with channelopathy despite the lack of evidence supporting deferring
immunizations in children with structural heart disease. Most were
cautious in their response to the scenario involving Brugada syndrome,
indicating awareness of the risk of haemodynamic instability in the
event of a fever. The majority of respondents still strongly recommend
immunizations in this population as the benefits outweigh the poten-
tial for adverse events.

37 %) travaillant dans des hôpitaux universitaires (n ¼ 133; 93,7 %).
La plupart d’entre eux �etaient en faveur de la vaccination (n ¼ 107;
75,4 %), bien que moins enclins à administrer un premier vaccin à des
nourrissons pr�esentant une cardiopathie structurelle comparativement
à une canalopathie (rapport des risques : 0,80, intervalle de confiance :
0,73-0,87; p < 0,001). Or, seulement 40 % d’entre eux vaccineraient
de façon normale un nourrisson pr�esentant un syndrome de Brugada
de type 1 à l’ECG. Les pr�ecautions particulières prises après la vacci-
nation comprenaient une p�eriode d’observation plus longue (19 %) et
l’administration d’un antipyr�etique à des fins prophylactiques (92 %).
Conclusions : À la lumière des r�eponses obtenues, la probabilit�e
de report de la vaccination �etait 20 % plus �elev�ee en pr�esence
d’une cardiopathie structurelle traitable comparativement à une
canalopathie, malgr�e le manque de donn�ees probantes justifiant ce
report chez les enfants atteints d’une cardiopathie structurelle. La
plupart des r�epondants ont r�epondu de façon prudente au sc�enario du
syndrome de Brugada en �evoquant un risque d’instabilit�e
h�emodynamique en cas de fièvre. La majorit�e d’entre eux recom-
mandent quand même fortement la vaccination chez ces patients, car
les bienfaits escompt�es l’emportent sur les risques d’effets
ind�esirables.
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immunization after exposure to blood products, as occurs with
open heart surgery, there are no guidelines and very limited
data as to risk-benefit in symptomatic CHD.7,8 Comorbidities
commonly associated with CHD, such as DiGeorge syn-
drome, may additionally increase the risk of vaccine-
preventable diseases due to immunocompromise.9,10

Paediatric cardiologists and other specialist health care
providers are often consulted about the decision to proceed
with the first immunization. The purpose of this study was to
gain a better understanding of health care providers’ assess-
ment of the risk of immunizations with certain heart condi-
tions.10 Using a survey method with hypothetical scenarios
that present commonly in the first few months of life, we
examined the health care provider’s decision to recommend
proceeding with the first scheduled immunization.
Methods

Participant survey

A voluntary survey outlining 6 hypothetical scenarios was
available to complete in English or French (see Supplemental
Appendix S1). Survey responses were collected between
December 2, 2019, and June 16, 2020.

The survey was distributed in several ways. The link to the
survey was distributed by email and posted on Twitter. The
Pediatric and Congenital Electrophysiology Society has an
international group of members who were asked to circulate
the survey to their colleagues. Individual paediatric cardiolo-
gists who received the email were asked to forward the survey
to their paediatric cardiology colleagues. The survey was also
sent to the Canadian Pediatric Cardiology Association mem-
bers and emailed to the division chief of every paediatric
cardiology program in the United States. The survey was
distributed to nurse practitioners via the National Association
of Pediatric Nurse Practitioners.

The survey included a section on demographics to ensure
that the respondents were involved in counselling caregivers and
health professionals about whether to proceed with immuni-
zations in patients with CHD. Respondents were only able to
provide answers to the hypothetical scenarios if they answered
“yes” to counselling patients or their parents about proceeding
with vaccinations and working primarily with paediatric cardi-
ology patients. The survey included a scenario in which there
was no justification to alter the recommended schedule to serve
as a control group (a small ventricular septal defect).

The survey scenarios were structured to examine whether
there is deviation from the immunization recommendations
for the first immunization and whether the deviation is to
defer, cancel, or observe in hospital. The lesions selected, in
addition to the control, were designed to represent clear
categories in which a fever or reduced oral intake may be a
significant haemodynamic challenge for an infant (left ven-
tricular outflow tract [LVOT] obstruction, congestive heart
failure [CHF], cardiomyopathy, and channelopathy).

Survey data were collected and managed using Research
Electronic Data Capture (REDCap) housed at BC Children’s
Hospital Research Institute. REDCap is a secure, web-based
software platform designed to support data capture for
research studies.11,12 Respondents were asked to respond only
once, and no obvious duplicates were apparent from the de-
mographic responses.

Data analysis

Responses were categorized as proceeding with standard
immunization or altering the immunization protocol in a
dichotomous manner. Percentages were calculated based on
eligible respondents for each scenario. When respondents
indicated that they would not be consulted for a specific
scenario, they were not included in that analysis. To account
for multiple responses from the same individual, generalized
estimating equations with a Poisson link function were used to
estimate risk ratios (RR) and 95% confidence intervals (CI).13

We further analyzed immunization response for specific
combinations of relevant situations (eg, situations 1 and 2 vs
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3, 6A, 6B). In the primary analysis, individuals were marked
as “yes” to immunization if they said yes to all components.
Inclusion of this group addressed those who would proceed
with routine immunizations without additional precautions.
Secondary analysis included both those who would proceed
normally and those who would proceed with immunization
with special precautions. We carried out 2 further sensitivity
analyses. The first included country of response as a covariate
in the above models to account for possible systematic dif-
ferences in response by country; the second restricted analyses
only to paediatric cardiologists and nurse practitioners.
Exploratory analyses included stratification by years of service
and respondent job type. Statistical significance was set at
0.05, and all models were fit using the geepack in R statistical
software version 4.0.3.14
Figure 1. Country of respondents.

Table 1. Respondent demographics

N ¼ 142, n (%)

Primary language
English 140 (98.6)
French 2 (1.4)

Primary practice setting
Academic teaching hospital 133 (93.7)
Nonteaching hospital 6 (4.2)
Private health clinic 2 (1.4)
Other 1 (0.7)

Profession
Paediatric cardiologist 98 (69)
Nurse practitioner 27 (19)
Nurse 13 (9.2)
Paediatrician 1 (0.7)
Other 3 (2.1)

Number of years in practice
0-5 28 (19.7)
6-10 30 (21.1)
11-15 22 (15.5)
>15 62 (43.7)
Results

Demographics

A total of 239 survey responses were received. Of these, 29
responses were incomplete and excluded from analysis, leaving
210 responses available for analysis. A total of 142 of the
respondents (68%) indicated that they worked primarily with
paediatric cardiology patients and are consulted about vacci-
nations, a requirement for proceeding to the component of
the survey regarding the immunization scenarios.

The majority of the survey respondents who completed the
survey were located in the United States and Canada (Fig. 1)
and comprised primarily paediatric cardiologists (n ¼ 98;
69%) and nurse practitioners (n ¼ 27; 19%), working in
academic teaching hospitals (n ¼ 133; 93.7%) (Table 1).
Most respondents reported practicing in the United States
(n ¼ 77; 54%) and Canada (n ¼ 53; 37%) (Fig. 1) with
many of the respondents (43.7%) practicing for >15 years
(Table 1). The majority of respondents were strongly in
favour of vaccinations (n ¼ 107; 75.4%).

Scenarios

Immunize as normal. In response to a child in the control
scenario, 93% (132 of 142) of respondents indicated that they
would immunize as normal with the standard protocol
(Table 2). A median of 6% (interquartile range ¼ 4.7-15.7)
indicated that they would not be consulted about that
particular lesion. Overall, the majority of respondents would
immunize as normal in a child with cardiomyopathy, CHF,
LVOT, and channelopathies long QT syndrome and Brugada
where the electrocardiogram is normal. In the scenario
describing an infant with a manifest Brugada type I electro-
cardiogram, respondents were more cautious in their
approach. A slight majority (69 of 142; 48.6%) recommended
special precautions, as compared with 32.4% (46 of 142) who
would proceed normally with immunization. Eight percent
(12 of 142) indicated that they would admit the child to
hospital for the immunization.

Compared with the control scenario, recommendations to
immunize as normal were 12%-59% lower in other scenarios,
depending on the specific condition (Table 3). There was no
evidence of a large difference in whether respondents would
immunize as normal when we compared treatable structural
heart disease vs channelopathy (RR: 1.14, CI: 0.88-1.46;
P ¼ 0.16). We conducted sensitivity analyses adjusting for
country of response, respondent type, and nonresponders
(Supplemental Table S1). Adjusting for country of response,
responses from paediatric cardiologists and nurse practitioners
only and nonresponders had minimal difference with our
primary result.

Immunize with additional precautions. We also compared
those who would immunize normally including those who
would immunize with special precautions against those who
would not immunize at this time (Table 4). Respondents were
more likely to proceed with immunization with/without
special precautions as they would for controls if the child had
a channelopathy, but less likely to proceed if the child pre-
sented with LVOT, CHF, or a treatable structural heart dis-
ease. A higher proportion of respondents would not proceed
with the first immunization in infants with structural heart
disease as compared with channelopathy (RR: 0.80, CI: 0.73-
0.87; P < 0.001). Respondents indicated that they would
treat the haemodynamic abnormality before proceeding with
the immunization.

Compared with nonphysicians, physicians did not have a
meaningfully higher probability of immunizing (RR: 0.96,



Table 2. Summary of hypothetical scenarios and survey responses

Category Specific condition Response
Number

of responses
Overall %
(out of 142)

Control Control Do not immunize at this time 1 0.7
Immunize with special precautions 1 0.7
Immunize as normal 132 93
Not consulted for this particular lesion 6 4.2
No response 2 1.4

Channelopathy Brugada, type I ECG Do not immunize at this time 1 0.7
Immunize with special precautions 69 48.6
Immunize as normal 46 32.4
Not consulted for this particular lesion 23 16.2
No response 3 2.1

Channelopathy Brugada, normal ECG Do not immunize at this time 1 0.7
Immunize with special precautions 44 31
Immunize as normal 74 52.1
Not consulted for this particular lesion 21 14.8
No response 2 1.4

Channelopathy Long QT syndrome Do not immunize at this time 1 0.7
Immunize with special precautions 24 16.9
Immunize as normal 93 65.5
Not consulted for this particular lesion 23 16.2
No response 1 0.7

Left ventricular outflow tract
obstruction

Severe aortic stenosis Do not immunize at this time 24 16.9
Immunize with special precautions 41 28.9
Immunize as normal 70 49.3
Not consulted for this particular lesion 7 4.9

Congestive heart failure Large ventricular septal defect Do not immunize at this time 11 7.7
Immunize with special precautions 29 20.4
Immunize as normal 96 67.6
Not consulted for this particular lesion 6 4.3

Cardiomyopathy Dilated cardiomyopathy, mild Do not immunize at this time 1 0.7
Immunize with special precautions 16 11.3
Immunize as normal 115 81
Not consulted for this particular lesion 9 6.3
No response 1 0.7

ECG, electrocardiogram.
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CI: 0.85-1.08; P ¼ 0.45). Those working for less than 15
years had a 10% higher rate of positive response to im-
munization than those working more than 15 years (RR:
1.10, CI: 0.99-1.22; P ¼ 0.075). Of those who chose to
proceed with immunization with special precautions, 19%
(42 of 224) recommended a longer duration of observation
after the immunization and 92% (205 of 224) advised
giving prophylactic antipyretic medication. Ten percent (22
of 218) of participants indicated that they have previously
had a patient experience an adverse event within 48 hours of
Table 3. Risk ratios and 95% confidence intervals of responses to the diffe
immunization as normal

Scenario

Respondents who would procee
immunization as normal plus im
with special precautions, n/N

Left ventricular outflow tract
obstruction

70/135 (52)

Congestive heart failure 96/136 (71)
Channelopathy 93/118 (79)
Cardiomyopathy 115/132 (87)
Channelopathy 74/119 (62)
Channelopathy 46/116 (40)
Treatable structural heart disease 60/135 (44)
Channelopathy 44/111 (40)

*Numerator is those who would immunize normally plus immunize with speci
an immunization, including death (n ¼ 4), high fever (n ¼
2), and hospital admission or assessment (n ¼ 18). No
further information regarding these cases was included in
the survey.
Discussion
In this survey of paediatric cardiologists, nurse practi-

tioners, and other health care providers with a primary
clinical focus of paediatric cardiology patients, we presented
rent types of conditions including those who would proceed with

d with
munize
(%)*

Risk ratio vs small ventricular septal
defect (95% confidence interval) P value

0.53 (0.45, 0.62) <0.001

0.72 (0.65, 0.80) <0.001
0.79 (0.73, 0.87) <0.001
0.89 (0.84, 0.95) <0.001
0.62 (0.54, 0.72) <0.001
0.4 (0.32, 0.50) <0.001
0.45 (0.37, 0.55) <0.001
0.40 (0.32, 0.50) <0.001

al precautions, denominator is those who responded to question.



Table 4. Risk ratios and 95% confidence intervals of responses to the different types of conditions including those who would proceed with
immunization as normal and those who would proceed with precautions

Scenario

Respondents who would proceed with
immunization as normal plus immunize
with special precautions, n/N (%)*

Risk ratio vs small ventricular septal
defect (95% confidence interval) P value

Left ventricular outflow tract
obstruction

111/135 (82) 0.83 (0.77, 0.90) <0.001

Congestive heart failure 125/136 (92) 0.93 (0.88, 0.97) 0.001
Channelopathy 117/118 (99) 0.99 (0.98, 1.00) 0.04
Cardiomyopathy 131/132 (99) 1.00 (0.99, 1.00) 0.201
Channelopathy 118/119 (99) 1.00 (0.99, 1.00) 0.16
Channelopathy 115/116 (99) 0.99 (0.99, 1.00) 0.11
Treatable structural heart disease 107/135 (79) 0.80 (0.73, 0.87) <0.001
Channelopathy 110/111 (99) 1.00 (0.99, 1.00) 0.06

*Numerator is those who would immunize normally plus immunize with special precautions, denominator is those who responded to question.
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several clinical scenarios in which an immunization might
present a physiologic stressor. The hypothetical case sce-
narios were designed so that the respondent would need to
weigh the risks of the most common adverse events (in
particular, fever and poor feeding) against the benefits of
immunization. The respondents expressed greatest concern
in the presence of structural heart disease. Respondents were
20% more likely to not proceed with immunizations in
infants with treatable structural heart disease as compared
with channelopathy. Many respondents would treat the
haemodynamic abnormality before proceeding with the
immunization. Given the severity of the structural heart
disease presented, this is intuitively a reasonable approach.
However, there are no data to support this recommendation.
McAlvin et al.15 reported on 137 infants with single-
ventricle physiology who underwent 173 total immuniza-
tions over an almost 3-year time period. They did not find
an association with adverse events within 48 hours of the
diphtheria, tetanus, pertussis immunization. It should be
noted that the population studied was already under
increased monitoring and surveillance, and there is no
mention of the benefits of additional precautions or im-
munization deferral in this study.15

In the scenario of an infant with Brugada syndrome, the
risk of significant haemodynamic instability in the event of
fever in this patient population was recognized by re-
spondents, with fewer than 40% proceeding with routine
immunization without special precautions. In the preamble to
the scenario, there is no mention of antipyretic use or addi-
tional monitoring, both of which were recommended by the
majority of respondents. The guidelines for the management
of Brugada syndrome include immediate treatment of fever
with antipyretics; however, the guidelines make no mention of
immunizations.16 Most respondents indicated that they
would immunize with special precautions (ie, acetaminophen
and observation) rather than not immunize at this time.
Because many respondents would deviate from proceeding
with immunization as normal, it is important to actively
pursue discussion about immunization in this patient popu-
lation in clinic.

The paediatric cardiologist is often consulted regarding the
decision to proceed with the first immunization. Given the
absence of data and the vast number of immunizations that
occur routinely without serious adverse events, clinicians
should be encouraging immunizations. There is no evidence
that additional observation or antipyretic medication is
required or has a benefit in children with CHD undergoing
immunization. Children given acetaminophen prophylacti-
cally have been found to be less likely to develop fever after
immunization.17 Most data suggest that if given prophylac-
tically, acetaminophen is unlikely to reduce the immunoge-
nicity of a vaccine; however, these concerns are still debated
by some.18,19 The benefits of vaccinations in reducing infec-
tious childhood diseases far outweigh the potential for adverse
events.

Limitations

Our study has several limitations. The majority of our
respondents were in favour of immunization, which may have
represented a bias in survey respondentsdalthough it may be
expected that most child-focused health care providers would
favour immunization. We were unable to determine whether
the lack of a response from some respondents was a reflection
of their unwillingness to immunize normally. In addition, the
majority of respondents were from an academic teaching
hospital and may not be representative of the approach of
those practicing in the community/private setting. Having an
important clinical event temporally related to an immuniza-
tion may have made individuals more likely to respond, as our
proportion of those with a clinical experience with an adverse
event was higher than expected. In addition, the survey pre-
sents only hypothetical scenarios, which can only approximate
true clinical situations. Factors such as family beliefs, moni-
toring concerns, and patient-specific factors are not accounted
for in this survey. Nonetheless, given the lack of data and the
importance of immunizations as a preventative health mea-
sure, these data are an important step in beginning to address
a substantial knowledge gap.
Conclusions
Respondents were more likely to defer immunization in

those with a treatable structural heart condition as compared
with channelopathy. Most respondents were aware of the
guidelines and caution relating to fevers in Brugada syndrome.
There was an overall high variability of responses in both
structural heart conditions and channelopathies, indicating a
lack of consensus on optimal vaccination practices in these
patients. The vast majority of respondents still strongly
recommend immunizations in this population, with minor
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special precautions. The paucity of data and lack of signal
about significant adverse events support widespread immu-
nization of this population. With the exception of some rare
heart conditions, the perceived need for additional precautions
is relatively simple to address without significant implications
on health care resources.
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