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Abstract Background: Palivizumab is the standard immunoprophylaxis against serious disease due to respiratory
syncytial virus infection. Current evidence-based prophylaxis guidelines may not address certain children with CHD
within speciﬁc high-risk groups or clinical/management settings. Methods: An international steering committee of
clinicians with expertise in paediatric heart disease identiﬁed key questions concerning palivizumab administration;
in collaboration with an additional international expert faculty, evidence-based recommendations were formulated
using a quasi-Delphi consensus methodology. Results: Palivizumab prophylaxis was recommended for children with
the following conditions: <2 years with unoperated haemodynamically signiﬁcant CHD, who are cyanotic, who have
pulmonary hypertension, or symptomatic airway abnormalities; <1 year with cardiomyopathies requiring treatment;
in the 1st year of life with surgically operated CHD with haemodynamically signiﬁcant residual problems or aged
1–2 years up to 6 months postoperatively; and on heart transplant waiting lists or in their 1st year after heart
transplant. Unanimous consensus was not reached for use of immunoprophylaxis in children with asymptomatic
CHD and other co-morbid factors such as arrhythmias, Down syndrome, or immunodeﬁciency, or during a nosocomial outbreak. Challenges to effective immunoprophylaxis included the following: multidisciplinary variations in
identifying candidates with CHD and prophylaxis compliance; limited awareness of severe disease risks/burden; and
limited knowledge of respiratory syncytial virus seasonal patterns in subtropical/tropical regions. Conclusion:
Evidence-based immunoprophylaxis recommendations were formulated for subgroups of children with CHD, but
more data are needed to guide use in tropical/subtropical countries and in children with certain co-morbidities.
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ESPIRATORY SYNCYTIAL VIRUS IS A COMMON PATHO-

gen affecting most children by the age of
2 years.1 Respiratory syncytial virus infection is
considered among the most important identiﬁed causes
of post-neonatal lower respiratory infection.2 On the
basis of 2010 global estimates, lower respiratory tract
infection causes 20% of the ~2 million deaths per year
in infants aged 28 days to 1 year.2 The rate of
hospitalisation for disease due to respiratory syncytial
virus is subject to seasonal and local geographic
variation but has been reported to be ~5 for every
1000 children younger than 24 months.3 Infants with
CHD are particularly susceptible to adverse outcomes,
and respiratory syncytial virus-related hospitalisation in
this patient population is associated with a high risk of
serious or fatal disease.4 For children with CHD, serious
disease due to respiratory syncytial virus infection can be
associated with both pulmonary – for example
pulmonary hypertension or need for prolonged mechanical ventilation – or cardiac complications – for
example, sinoatrial block – which could add further
challenges to the management of any underlying heart
failure conditions, including causing delays to planned
corrective surgeries or increasing morbidity postoperatively.5,6 In patients with CHD, the increased
risk of severe disease due to respiratory syncytial virus
infection may be related to multiple physiological
factors including baseline compromised cardiorespiratory function, changed mechanisms of pulmonary
regulation, ventilation–perfusion mismatch, and
potential cyanosis and/or pulmonary hypertension.7
A study by Boyce et al8 has identiﬁed hospitalisation
rates of up to 12% in infants with CHD. Palivizumab
is the regulatory-approved, standard immunoprophylaxis against serious disease due to respiratory syncytial
virus infection in high-risk infants and young children
in the absence of an available vaccine. In a pivotal
randomised clinical trial of children ⩽24 months of
age with documented haemodynamically signiﬁcant
CHD, those who received palivizumab prophylaxis
had a 45% relative reduction (95% conﬁdence
interval: 23, 67) in respiratory syncytial virus
hospitalisations versus placebo.9
Current evidence-based respiratory syncytial virus
disease management guidelines for use of immunoprophylaxis against serious disease due to respiratory
syncytial virus infection may not adequately address
some children with CHD who fall within speciﬁc
high-risk clinical groups or certain clinical or management settings. Recommendations for the use of
immunoprophylaxis including for children with
CHD have been published by expert groups from a
number of countries including Canada,10 France,11
Germany,12 Japan,13 Italy,14 Mexico,15 Spain,15
Taiwan,16 the United Kingdom,17 and the United
States of America18,19 (Table 1). In 2005, a consensus
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statement from representatives of multiple European
countries was published;21 however, among these
guidelines from geographically diverse regions, there
are variations in the CHD subpopulations that are
considered candidates for immunoprophylaxis.
These differences may be attributed to the clinical
evidence available at the time when the guidelines
were published and regional variations in healthcare
practices, provisions, for example, resource management procedures for delivery of healthcare services,
and funding. Healthcare providers may also face
other challenges in effective immunoprophylaxis
decisions, such as no guidelines for some geographic
areas and a lack of a clear deﬁnition of haemodynamically signiﬁcant CHD. Furthermore, although
various economic evaluations exist,22–25 clinicians
must appropriately interpret and apply these
ﬁndings to individual cases encountered in daily
practice.
To aid healthcare providers practising in diverse
geographic settings in treatment decisions for
immunoprophylaxis by supplementing available
information – for example, international and
country-speciﬁc guidelines and approved prescribing
information – with new evidence and greater clinical
experience, an international steering committee of
clinicians with expertise in paediatric CHD collaborated to discuss global variations in the use of
palivizumab immunoprophylaxis against serious
disease due to respiratory syncytial virus infection.
A particular focus of the steering committee was on
clinical situations that are not fully described within
current guidelines. By gathering input from an
additional international expert faculty, recommendations that are supported by current literature data
and experience from global clinical practice were
formulated.

Materials and methods
Steering committee and faculty
An international steering committee of ﬁve senior
paediatric cardiology clinicians and additional faculty
of eight international experts – for example, paediatric
cardiologists, intensive care specialists, and cardiac
surgeons – collaborated to create the recommendations
(Fig 1a). The group was co-chaired by two senior
cardiologists – R.M.R.T. and C.M.-L. – and each
member was equally responsible for input into the
ﬁnal recommendations. To ensure that the group’s
recommendations would be widely applicable, the
steering committee recommended international
experts from diverse geographical locations where
serious disease due to respiratory syncytial virus
infection was a concern and palivizumab was available.
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Table 1. International and country-speciﬁc guidelines related to immunoprophylaxis against serious disease due to RSV infection.
Country

Guideline

Canada

Position Statement of the Canadian Children aged <12 months with hsCHD or CLD, requiring ongoing diuretics,
bronchodilators, steroids, or supplemental oxygen, at the start of RSV season
Paediatric Society10
Children aged <24 months who are on home oxygen, with prolonged hospitalisation for
pulmonary disease or severely immunocompromised
No routine immunoprophylaxis in children with immunodeﬁciencies, Down syndrome, or
chronic pulmonary disease other than CLD
The Deutsche Gesellschaft für
Children with CHD at the start of RSV season:
Pädiatrische Kardiologie
Aged <12 months are high risk
guidelines12
Aged 12–24 months are moderate risk
The Japanese Society of Paediatric Children with CHD aged ⩽24 months at the start of RSV season with ⩾1 of the following:
Cardiology and Cardiac Surgery
hsHD
guidelines13
No surgical intervention or hs problems after surgery, corrective or palliative
Pulmonary hypertension, (before or after cardiac surgery)
Expected surgical procedures (cardiac or non-cardiac surgery) or cardiac catheterisation
Haemodynamically insigniﬁcant CHD complicated by respiratory disease
Children with CHD aged ⩽24 months at the start of RSV season with no signiﬁcant signs/
symptoms or complete cure of CHD, but with the following:
Chromosomal or genetic abnormalities including Trisomy 21 (Down syndrome), other
trisomy, or 22q11.2 deletion syndrome
Other congenital anomalies and respiratory system abnormalities (functional/organic)
Children aged ⩽24 months at the start of RSV season with hs cardiomyopathy, or
arrhythmia, which may be complicated by RSV infection
Revised recommendations
Children aged <12 months with hsCHD at the start of RSV season with the following:
concerning palivizumab
Cyanotic HD (unoperated or palliated), based on the haemodynamic status of the
prophylaxis for respiratory
patient (paediatric cardiologist judgement)
syncytial virus14
Acyanotic heart disease on CHF therapy and scheduled for surgery
Moderate-to-severe pulmonary hypertension
Infants with surgically repaired CHD but still requiring therapy for CHF
Infants suffering from congestive cardiomyopathy or treated with anti-congestive drugs
Infants on waiting list for heart transplantation or in the post-transplantation period
Consider immunoprophylaxis in children aged <24 months receiving a heart transplant
during RSV season
Consider immunoprophylaxis in children with Down syndrome without HD, based on
clinical condition
The Spanish Society of Paediatric Children aged ⩽24 months with CHD during RSV season with the following:
Cardiology and Congenital Heart
Non-corrected signiﬁcant HD and haemodynamic impact (i.e., hsCHD)
Disease guidelines (followed in
Partially corrected complex CHD (palliative intervention) exhibiting haemodynamic
Spain and in Mexico) based on the
involvement
Spanish clinical consensus
Corrected CHD exhibiting residual lesions with haemodynamic impact
document15
Corrected CHD with a history of severe pulmonary complications and/or who have
required prolonged mechanical ventilation
Corrected CHD without residual lesions but who still exhibit haemodynamic
involvement in the immediate postoperative period
Children aged ⩽24 months during RSV season with the following:
Pulmonary hypertension (primary or secondary; moderate or severe)
Cardiomyopathies requiring medical treatment
Arrhythmias (severe, relapsing arrhythmia with current or previous haemodynamic
impact needing chronic medication)
With a heart transplant or awaiting heart transplantation
Children with associated risk factors (i.e., aged <12 months with 22q11.2 deletion
syndrome, or aged ⩽24 months for Down syndrome or immunodeﬁciency) during RSV
season with the following:
Operated CHD, with or without residual defects and no haemodynamic impact (i.e.,
mitral cleft with mild insufﬁciency)
Non-operated mild CHD and with no haemodynamic impact (i.e., silent ductus
arteriosus, small interatrial shunt, restrictive interventricular shunting)
Korean Ministry of Health
Children aged <1 year with hsCHD at the start of RSV season and ⩾1 of the following:
Reimbursement Guidelines20
Receiving medication to control CHF
With moderate-to-severe pulmonary arterial hypertension
With cyanotic HD

Germany
Japan

Italy

Mexico and
Spain

Korea

Key groups of children recommended for immunoprophylaxis
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Table 1. Continued
Country

Guideline

Key groups of children recommended for immunoprophylaxis

Children aged <1 year with hsCHD:
Taiwanese guidelines from the
Cyanotic CHD
Society of Paediatric Cardiology
Non-cyanotic CHD or cardiomyopathy; either condition combined with HF and two of
and the Society of Neonatology16
the following: (1) failure to thrive (weight < third percentile on a standard growth
chart), (2) signiﬁcantly enlarged heart, or (3) use of ⩾ 2 anti-CHF medicines (to control
symptoms) or cyanotic CHD (with cyanosis or HF symptoms, before or after corrective
surgery)
United
The British Congenital Cardiac
Infants aged <1 year with documented hsCHD (e.g., increased pulmonary blood ﬂow
Kingdom
Association and Joint Committee conditions, cyanotic HD, pulmonary venous congestion, pulmonary hypertension, longon Vaccination and Immunisation term pulmonary complications, unoperated or partially corrected complex CHD)
guidelines17
Infants with residual hsCHD following intervention (medical or surgical)
Infants with pulmonary hypertension
Infants receiving treatment for cardiomyopathy
Consider immunoprophylaxis in infants aged <1 year with CHD with expected need for
hospital admission (medical or surgical)
Immunoprophylaxis may be indicated for certain children aged >1 year, with complex
cardiac disease (based on clinician judgement)
United States The American Academy of
Children aged <12 months with hsCHD (e.g., acyanotic HD receiving medication for
of America
Pediatrics guidance/updated
CHF and requiring surgery, moderate-to-severe pulmonary hypertension)
guidance on RSV prophylaxis18,19 Consider immunoprophylaxis in profoundly immunocompromised children aged
<2 years during RSV season
Routine immunoprophylaxis in children with Down syndrome only with qualifying HD,
CLD, airway clearance issues, or prematurity (<29 weeks, 0 days gestation)
Taiwan

CHF = chronic heart failure; CLD = chronic lung disease; HD = heart disease; HF = heart failure; hs = haemodynamically signiﬁcant; hsCHD =
haemodynamically signiﬁcant CHD; RSV = respiratory syncytial virus

Consensus process
The Delphi method for consensus is a wellestablished process whereby a questionnaire is
presented to a panel of experts to elicit their opinions,
and then multiple iterations of review and reﬁnement
are used to build group agreement.20,26 The classical
Delphi method allows the respondents to remain
anonymous to both the central reviewer(s) and the
other respondents. A quasi-Delphi consensus
methodology – for example a non-anonymous smaller
panel and qualitative analyses of the data26 – was
used to develop recommendations (process depicted
in Fig 1b). On the basis of questions initially
developed by the steering committee, the additional
faculty developed recommendations, which were
ﬁnalised by the steering committee. The process
included both face-to-face and online meetings.
The roles of the co-chairmen included suggestion of
areas of continuing debate and evidence gaps
regarding immunoprophylaxis in patients with
CHD, choice of the ﬁnal items, and ﬁnal presentation
of the agreement. After a review of previous guidelines (Table 1), the focus was on clinical controversies,
such as unanswered questions and issues with lack of
clarity, identiﬁcation of unmet needs, and preventive
and management strategies for special subgroups of
the most vulnerable children with CHD at risk of
serious respiratory syncytial virus disease. Once the
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key questions were developed by the steering
committee, the international expert faculty participated in the process by providing answers via an
online digital platform. Each participant reviewed all
comments or answers and uploaded published
evidence in support of their answer or opinion. The
supporting evidence for the recommendation – that
is, published literature – was then independently
veriﬁed by other members of the faculty and the
steering committee. The consolidated answers
were summarised into recommendations and
reviewed by the steering committee. Agreement or
disagreement with draft clinical recommendations
and order of clinical priority were determined by the
eight faculty members. In cases of disagreement
with the draft wording, the chairman/steering committee member contacted the faculty member to
understand and clarify the issue. In collaboration,
the draft wording was then amended to the member’s
satisfaction and agreement. Strength of evidence –
grades and levels – was assessed as per standard
practice (Fig 2).27 Haemodynamically signiﬁcant
CHD was deﬁned as cyanotic stratum, unoperated or
partially corrected by cardiac surgery or
interventional catheterisation, hypercyanotic episode,
receiving cardiac medications, congestive heart
failure, pulmonary hypertension, and increased
pulmonary blood ﬂow according to a previous
study.9
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(a)

(b)

Figure 1.
(a) Respiratory syncytial virus Global Expert Steering Committee and Faculty Members; (b) algorithm for the step-by-step process.

Results
For each of the 14 questions developed by the steering committee, the consensus recommendations of
the faculty are provided, along with the evidence
grade/level and key supportive references (Table 2).
Question 1: Who should be involved in developing the standard
of care for the use of palivizumab prophylaxis in children with
CHD?
Recommendation: Paediatric medical professionals,
professional medical societies/associations, government health
departments, and other agencies relevant to the particular
country should be involved in setting standards of care for the use
of palivizumab prophylaxis in children with CHD.
Voting Results: agree/disagree 8-0; Level of Evidence: 1a18,19,28

The faculty agreed (8-0) that determining standards
of care for the use of immunoprophylaxis against
serious disease caused by respiratory syncytial virus
infection in children with CHD should involve a
comprehensive multidisciplinary approach, including
paediatric medical professionals, professional medical
societies/associations, government health departments,
and other relevant agencies. Paediatric medical professionals, including cardiologists, cardiac surgeons,
infectious diseases specialists, intensive care specialists,
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and neonatologists, should be most involved in contributing to this process; however, other colleagues,
such as epidemiologists, general paediatricians, and
primary care physicians, may provide additional support. Professional medical societies or associations – for
example, the American Academy of Pediatrics and the
British Congenital Cardiac Association – along with
national guideline groups and health authorities – were
identiﬁed as additional stakeholders in standard of care
development. Furthermore, it was recommended that
government entities – for example, health departments
and ministries of health – and other agencies/groups –
for example, funding bodies, regulators, and parent
associations – should also be engaged in the process to
seek comprehensive input.
Question 2:
(A) Who are the key decision makers of the need for palivizumab
prophylaxis in children with CHD already in hospital?
(B) Who are the key decision makers of the need for palivizumab
prophylaxis in children with CHD outside hospitals?
Recommendation: A paediatric cardiologist should make the
decision for palivizumab prophylaxis in children with CHD
whether in the hospital or in the community.
Voting Results: agree/disagree 8-0; Evidence Grade/Level: Not
assigned
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Figure 2.
Oxford Centre for Evidence-Based Medicine 2011 Levels of Evidence.27
*Level may be graded down on the basis of study quality, imprecision, indirectness – study patient or problem/intervention/comparison/outcomes
(PICO) does not match questions PICO – because of inconsistency between studies or because the absolute effect size is very small. Level may be
graded up if there is a large or very large effect size. †As always, a systematic review is generally better than an individual study.

The faculty agreed (8-0) that multiple healthcare professionals will be involved in determining the need for
palivizumab prophylaxis in children with CHD, irrespective of the setting – hospital or community. The
paediatric cardiologist was identiﬁed as the key decision maker responsible for identifying immunoprophylaxis candidates among patients with CHD and
ensuring prophylaxis compliance, although it was
recognised that other healthcare specialties may be
involved in some situations, varying case by case, hospital to hospital, and/or country to country. Supporting
decision makers may include colleagues from cardiac
surgery, infectious diseases, intensive care, neonatology,
epidemiology, general paediatrics, primary care, nursing, and anaesthesiology. The specialist role of the key
decision maker – for example, paediatric cardiologist,
paediatrician, neonatologist, or infectious disease specialist – may be affected by various factors including
the age of the at-risk infant, location and method of
patient presentation to healthcare services, local practices, and individual hospital stafﬁng and departmental
policy and standards of care – for example, in smaller
hospitals without separate paediatric cardiology
departments, neonatologists and paediatricians may be
heavily involved in decisions regarding respiratory
syncytial virus immunoprophylaxis, including in children with CHD, compared with larger centres with
distinct paediatric cardiology departments. In addition,
in some geographic regions, including developing
countries, no paediatric cardiologist may be available
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and cardiologists who treat adults may also be responsible for the care of children.
Question 3: Which guidelines do you follow to meet the
medical needs of your children with CHD?
Recommendation: Healthcare professionals should refer to
appropriate national guidelines to meet the immunoprophylaxis
needs of children with CHD.
Voting Results: agree/disagree 8-0; Evidence Grade/Level:
1a12,13,15–19,29,30

The faculty agreed (8-0) that in the absence of
global consensus guidelines for immunoprophylaxis
for children with CHD, relevant national guidelines
should be consulted. Several of the key guidelines
identiﬁed by the group are listed in Table 1.
Question 4: Based on the beneﬁt shown and from your own
clinical experience, in which children with unoperated9 CHD do
you recommend immunoprophylaxis against serious disease due
to respiratory syncytial virus infection?
Recommendation: Children under 2 years of age with
unoperated haemodynamically signiﬁcant CHD who require
medication to manage their congestive heart failure, are cyanotic
with oxygen saturations <85%, who have pulmonary
hypertension, or who have symptomatic airway abnormalities
should be considered candidates for immunoprophylaxis against
serious disease due to respiratory syncytial virus infection.
Voting Results: agree/disagree 7-1; Evidence Grade/Level: 1a12,15,30
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Table 2. Questions and recommendations related to immunoprophylaxis against serious disease due to RSV infection in children with CHD.
Voting results
(agree/disagree)

Level of evidence

Paediatric medical professionals, professional
medical societies/associations, government
health departments, and other agencies
relevant to the particular country should be
involved in setting standards of care for the
use of PVZ prophylaxis in children
with CHD
A paediatric cardiologist should make the
decision for PVZ prophylaxis in children
with CHD whether in the hospital or in the
community

8-0

1a18,19,28

8-0

Not assigned

Healthcare professionals should refer to
appropriate national guidelines to meet the
immunoprophylaxis needs of children
with CHD
Children under 2 years of age with unoperated
hsCHD who require medication to manage
their congestive heart failure, are cyanotic
with oxygen saturations <85%, who have
pulmonary hypertension, or who have
symptomatic airway abnormalities should be
considered candidates for
immunoprophylaxis against serious disease
due to RSV infection
Immunoprophylaxis against serious disease
due to RSV infection is recommended for the
1st year of life in children with surgically
operated, hsCHD with residual defects or for
children aged 1–2 years up to 6 months
postoperatively or on a case-by-case basis.
Administration of a palivizumab dose
immediately after operations involving
cardiopulmonary bypass should be
considered because of observed decreases in
serum palivizumab levels to non-protective
levels
All children younger than 2 years
being treated (e.g., with pulmonary
vasodilators, oxygen, diuretics, or
anticoagulants31) for idiopathic
pulmonary arterial hypertension (deﬁned
as a resting mean pulmonary artery
pressure >25 mmHg beyond the ﬁrst
few months of life31) or with pulmonary
hypertension associated with CHD or
secondary to cardiomyopathy should
receive immunoprophylaxis against
serious disease due to RSV
infection
We recommend that children younger
than 1 year with cardiomyopathies
requiring medical treatment, including
congestive heart failure therapy and
oxygen support, are candidates for
immunoprophylaxis against serious
disease due to RSV infection

8-0

1a12,13,15–19,29,30

7-1

1a12,15,30

8-0

1a; 1b9,18,19

8-0

1a; 1b4,11,15,18,32,33

8-0

2a; 2b6,9,15,18,34–36

Question

Recommendation

1. Who should be involved in developing
the standard of care for the use of PVZ
prophylaxis in children with CHD?

2. (A) Who are the key decision makers of
the need for PVZ prophylaxis in
children with CHD already in
hospital?
(B) Who are the key decision makers of
the need for PVZ prophylaxis in
children with CHD outside
hospitals?
3. Which guidelines do you follow to
meet the medical needs of your
children with CHD?
4. Based on the beneﬁt shown and from
your own clinical experience, in which
children with unoperated9 CHD do you
recommend immunoprophylaxis
against serious disease due to RSV
infection?

5. Based on the beneﬁt shown and from
your own clinical experience, for which
group of children with operated CHD
do you recommend
immunoprophylaxis against serious
disease due to RSV infection?

6. On the basis of the beneﬁt shown
and from your own clinical experience,
in which children with pulmonary
hypertension do you recommend
immunoprophylaxis against
serious disease due to RSV infection
during the RSV risk season?
Examples of at-risk populations
include children with idiopathic
pulmonary hypertension or
CHD or chronic lung disease
associated with pulmonary
hypertension
7. On the basis of the beneﬁt shown
and from your own clinical
experience, in which children with
cardiomyopathies do you recommend
immunoprophylaxis against serious
disease due to RSV infection during
the RSV season?
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Table 2. Continued

Question
8. Based on the beneﬁt shown and from
your own clinical experience, in which
children with arrhythmias (including
Brugada or long QT syndrome) do you
recommend immunoprophylaxis
against serious disease due to RSV
infection?

9. Based on the beneﬁt shown and from
your own clinical experience, in
which children undergoing heart
transplantation do you recommend
immunoprophylaxis against serious
disease due to RSV infection?
10. Based on the beneﬁt shown and from
your own clinical experience, for
which children with CHD associated
risk factors do you recommend
immunoprophylaxis against serious
disease due to RSV infection?
11. Based on the beneﬁt shown and from
your own clinical experience, for
which CHD children do you
recommend immunoprophylaxis
against serious disease due to RSV
infection for the prevention of
nosocomial RSV infection if the
patient was not previously covered?

12. What are the barriers to effective
immunoprophylaxis against serious
disease due to RSV infection in
children with CHD, including the
delivery of that immunoprophylaxis?

13. What management strategies could
be put in place to overcome these
barriers to effective
immunoprophylaxis against serious
disease due to RSV infection in
children with CHD?
14. In which children with CHD older
than 2 years of age should you
consider immunoprophylaxis against
serious disease due to RSV infection?

Recommendation
Although children with recurrent
arrhythmias and channelopathies are not
candidates for immunoprophylaxis against
serious disease due to RSV infection per se, it
is recommended that children under 2 years
of age with evidence of hsCHD,
cardiomyopathies, or other forms of CHD,
which current guidelines identify as reasons
to implement prophylaxis, should receive
immunoprophylaxis during the RSV season
Immunoprophylaxis against serious disease
due to RSV infection should be considered
for children younger than 2 years of age who
are on the heart transplant waiting list or
children younger than 2 years in their 1st
year after heart transplant
Children under 2 years with a genetic
condition or associated condition who have
hsCHD, regardless of the primary diagnosis,
should receive immunoprophylaxis against
serious disease due to RSV infection
Immunoprophylaxis against serious disease
due to RSV infection is recommended to
prevent the spread of RSV infection during a
nosocomial RSV outbreak in all CHD
patients younger than 12 months of age who
are hospitalised for surgery, interventions, or
other medical reasons in a general paediatric
area or speciﬁc paediatric cardiology area; or
hospitalised in a mixed paediatric or neonatal
ICU or a cardiac ICU in the perioperative
period
A number of barriers have been identiﬁed to
effective immunoprophylaxis against serious
disease due to RSV infection in children with
CHD, including poor awareness of RSV
disease risks and burden, compliance and
completion barriers, data and experience
gaps, medical justiﬁcation and costeffectiveness, and changing RSV seasonality
(in tropical and subtropical countries), which
makes it difﬁcult to establish an annual
immunoprophylaxis schedule
There are a number of recommendations for
strategies to help overcome barriers to
effective immunoprophylaxis against serious
disease due to RSV infection. These include
improving awareness of RSV at all levels
from the public to healthcare providers
There is no recommendation for children with
CHD who are older than 2 years, because
more information is needed. It is essential to
continually update recommendations
regarding immunoprophylaxis against
serious disease due to RSV virus infection,
taking into account both the latest evidence
and the professional judgement of expert
cardiac care providers to reduce variations
and inequity in clinical practice

hsCHD = haemodynamically signiﬁcant CHD; PVZ = palivizumab; RSV = respiratory syncytial virus

https://doi.org/10.1017/S1047951117000609 Published online by Cambridge University Press

Voting results
(agree/disagree)
7-1

Level of evidence
3; 412,13,15–19,29,37–40

7-1

341–44

7-1

2a15,18,42,43,45–48

6-2

3; 45,18,47,49–52

7-1

415,18,21,24,25,50,53–61

8-0

1a; 415,21,53,57–59,62

8-0

3; 45,9,60,63–65
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The faculty advised (7-1) that the following groups
of children younger than 2 years with unoperated
CHD are candidates for respiratory syncytial virus
immunoprophylaxis: children with haemodynamically signiﬁcant CHD, as previously deﬁned9,
including those with acyanotic CHD – left-to-right
shunt – requiring therapy, pulmonary hypertension,
single-ventricle physiology, and cyanotic CHD,
deﬁned by the faculty as oxygen saturations <85% on
room air, based on clinical experience; and children
with CHD who have symptomatic airway abnormalities associated with vascular rings, absent pulmonary valve syndrome, evidence of airway
obstruction due to cardiovascular causes, and congenital tracheal stenosis.
Question 5: Based on the beneﬁt shown and from your own
clinical experience, for which group of children with operated
CHD do you recommend immunoprophylaxis against serious
disease due to respiratory syncytial virus infection?
Recommendation: Immunoprophylaxis against serious disease
due to respiratory syncytial virus infection is recommended for
the 1st year of life in children with surgically operated,
haemodynamically signiﬁcant CHD with residual defects or for
children aged 1–2 years up to 6 months postoperatively or on a
case-by-case basis. Administration of a palivizumab dose
immediately after operations involving cardiopulmonary bypass
should be considered because of observed decreases in serum
palivizumab levels to non-protective levels.
Voting Results: agree/disagree 8-0; Evidence Grade/Level: 1a;
1b9,18,19

The faculty recommended (8-0) respiratory syncytial virus immunoprophylaxis for the 1st year of life in
children who underwent surgical intervention for
CHD but have residual haemodynamically signiﬁcant
problems. Administration of a palivizumab dose after
cardiopulmonary bypass surgeries was also recommended because of observed decreases in palivizumab
serum concentration levels after this procedure.9
Beyond this overarching recommendation, some geographical variations were evident and are described in
detail below. On the basis of these variations, it was
recommended that in children aged 1–2 years
respiratory syncytial virus immunoprophylaxis may
also be considered up to 6 months postoperatively, or
on an individualised basis.

Geographic variations in recommendations for operated
haemodynamically signiﬁcant CHD
Some of the expert faculty noted that they would use
respiratory syncytial virus immunoprophylaxis in the
following groups:
∙ Children with haemodynamically signiﬁcant CHD
after surgery
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° The expert from Germany continues treatment
for 6 months – even upon resolution of the
haemodynamic defect – to allow time to recover
∙ Children with palliated CHD
° The expert from Germany continues treatment
for 6 months after palliative surgery and
preferably during the ﬁrst 2 years of life
∙ Children with operated CHD with signiﬁcant
residual defects or airway abnormalities
° One expert from Spain provides immunoprophylaxis up to 1 year, preferably until 2
years, and suggests that there may be additional
considerations for certain patients who have had
deﬁnitive correction of some defects – for
example, a patient with Shone syndrome who
has had a successful coarctation repair, but has
mitral and aortic pathologies, or a patient with
tetralogy of Fallot who develops a new pulmonary regurgitation following a successful transannular patch repair – or patients under 1 year of
age undergoing certain palliative procedures –
for example, Blalock–Taussig shunt, pulmonary
artery banding, unifocalisation of major
aortopulmonary collateral arteries, and staged
univentricular pathway repair such as Norwood–
Glenn–Fontan procedure.
° The expert from Korea provides respiratory
syncytial virus immunoprophylaxis for patients
younger than 2 years or with a body weight
<12 kg.
° The expert from Japan provides respiratory
syncytial virus immunoprophylaxis for patients
younger than 2 years.
∙ Children with haemodynamically signiﬁcant CHD
in whom surgery is planned during the respiratory
syncytial virus season, ending administration of
palivizumab at the end of the respiratory syncytial
virus season.

Additional recommendations for children with operated
haemodynamically signiﬁcant CHD
The expert from Mexico recommends respiratory syncytial virus immunoprophylaxis for all the at-risk
groups listed above, and additionally considers
respiratory syncytial virus immunoprophylaxis for
children with heart disease who are scheduled for a
diagnostic procedure such as catheterisation during the
respiratory syncytial virus season, or who are at risk
during the ﬁrst 2 years of life. The expert from the
United Arab Emirates uses clinical judgement on a
case-by-case basis in patients with haemodynamically
signiﬁcant CHD with partially corrected CHD,
recommending respiratory syncytial virus immunoprophylaxis for the remainder of the respiratory syncytial virus season, or for 2 months, whichever is longest,
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to allow maximum recovery from surgery. Similarly,
one expert from the United States of America uses
respiratory syncytial virus immunoprophylaxis in
children younger than 2 years, at the beginning of the
respiratory syncytial virus season, with residual lesions
– for example, surgically palliated for augmentation of
pulmonary blood ﬂow, palliated with single-ventricle
physiology, and systolic or diastolic heart failure
requiring congestive heart failure therapy.

with CHD or secondary to cardiomyopathy. Evidence
for respiratory syncytial virus immunoprophylaxis is
generally lacking for children, with or without
haemodynamically signiﬁcant CHD, with pulmonary hypertension associated with chronic lung disease
due to prematurity or children with neuromuscular
disorders. Respiratory syncytial virus immunoprophylaxis, however, is advised for children
continuing to receive oxygen therapy.

Question 6: On the basis of the beneﬁt shown and from your
own clinical experience, in which children with pulmonary
hypertension do you recommend immunoprophylaxis against
serious disease due to respiratory syncytial virus infection during
the respiratory syncytial virus risk season? Examples of at-risk
populations include children with idiopathic pulmonary
hypertension or CHD or chronic lung disease associated with
pulmonary hypertension.

Question 7: On the basis of the beneﬁt shown and from your
own clinical experience, in which children with
cardiomyopathies do you recommend immunoprophylaxis
against serious disease due to respiratory syncytial virus infection
during the respiratory syncytial virus season?

Recommendation: All children younger than 2 years diagnosed
with or being treated – for example, with pulmonary
vasodilators, oxygen, diuretics, and anticoagulants31 – for
idiopathic pulmonary arterial hypertension, deﬁned as a resting
mean pulmonary artery pressure >25 mmHg beyond the ﬁrst
few months of life31, or with pulmonary hypertension associated
with CHD or secondary to cardiomyopathy should receive
immunoprophylaxis against serious disease due to respiratory
syncytial virus infection.
Voting Results: agree/disagree 8-0; Evidence Grade/Level: 1a;
1b4,11,15,18,32,33

Similar to current guidance regarding prevention
of serious disease due to respiratory syncytial virus
infection, the faculty agreed (8-0) that all children
younger than 2 years diagnosed with or being treated
– for example, with pulmonary vasodilators or oxygen, diuretics and anticoagulants31 – for idiopathic
pulmonary arterial hypertension, deﬁned as a resting
mean pulmonary artery pressure >25 mmHg beyond
the ﬁrst few months of life,31 receive respiratory
syncytial virus immunoprophylaxis, with or without
haemodynamically signiﬁcant CHD. Screening for
pulmonary hypertension in infants may be accomplished by echocardiography, the standard practice,
in many cases. A peak tricuspid regurgitant jet
velocity >2.8 m/s in the absence of obvious causes –
for example, right ventricular outﬂow obstruction,
signiﬁcant residual shunt, or pulmonary venous
hypertension – would suggest increased pulmonary
vascular resistance or pulmonary arterial hypertension.66 Although cardiac catheterisation would not
be advisable for all infants in the ICU with suspected
pulmonary hypertension, it would be appropriate if a
need to start advanced pulmonary vasodilator therapy
is indicated in a child with evidence of pulmonary
vascular disease. In addition, respiratory syncytial
virus immunoprophylaxis is recommended in
patients with pulmonary hypertension associated
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Recommendation: We recommend that children younger than
1 year with cardiomyopathies requiring medical treatment,
including congestive heart failure therapy and oxygen support,
are candidates for immunoprophylaxis against serious disease due
to respiratory syncytial virus infection.
Voting Results: agree/disagree 8-0; Evidence Grade/Level: 2a;
2b6,9,15,18,34–36

The faculty noted that currently there are no formal published recommendations for respiratory
syncytial virus immunoprophylaxis in infants with
cardiomyopathies, even though some evidence
exists for the potential beneﬁt in symptomatic children. Despite this lack of formal guidance, the
faculty agreed (8-0) on the speciﬁc patient populations that may beneﬁt from respiratory syncytial
virus immunoprophylaxis during the respiratory
syncytial virus season – that is, children younger
than 1 year of age with cardiomyopathies requiring
medical treatment, such as congestive heart failure
therapy and oxygen support – although there were
some regional variations in the recommended
approaches.

Geographic variation in recommendations for
cardiomyopathy
Experts from Korea, Taiwan, and the United States of
America provide respiratory syncytial virus immunoprophylaxis for infants younger than 1 year with
haemodynamically signiﬁcant cardiomyopathy – that
is, diuretic dependent, inotrope dependent, or
oxygen dependent – consistent with the American
Academy of Pediatrics guidance for infants of this age
with CHD.18 The expert from Japan provides
respiratory syncytial virus immunoprophylaxis for
children who have haemodynamically signiﬁcant
cardiomyopathy and are 2 years or younger at the
beginning of the respiratory syncytial virus season.
Experts from Germany and Mexico consider respiratory syncytial virus immunoprophylaxis for infants
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with cardiomyopathies requiring medical treatment.
The expert from Mexico also considers respiratory
syncytial virus immunoprophylaxis for hospitalised
infants with decompensated cardiomyopathy. An
expert from the United States of America does not
consider respiratory syncytial virus immunoprophylaxis for cases of mild cardiomyopathy in asymptomatic infants not requiring anticongestive therapy;36
however, the expert from Mexico considers respiratory syncytial virus immunoprophylaxis for infants
younger than 1 year with mild symptoms that do not
require medication.15,35,36
The group consensus favours respiratory syncytial
virus immunoprophylaxis in infants younger than 1
year with cardiomyopathy, but it is advised to review
the need for immunoprophylaxis against serious disease due to respiratory syncytial virus infection based
on the individual case.
Question 8: Based on the beneﬁt shown and from your own
clinical experience, in which children with arrhythmias,
including Brugada or long QT syndrome, do you recommend
immunoprophylaxis against serious disease due to respiratory
syncytial virus infection?
Recommendation: Although children with recurrent
arrhythmias and channelopathies are not candidates for
immunoprophylaxis against serious disease due to respiratory
syncytial virus infection per se, it is recommended that children
under 2 years of age with evidence of haemodynamically
signiﬁcant CHD, cardiomyopathies, or other forms of CHD,
which current guidelines identify as reasons to implement
prophylaxis, should receive immunoprophylaxis during the
respiratory syncytial virus season.
Voting Results: agree/disagree 7-1; Evidence Grade/Level: 3;
412,13,15–19,29,37–40

Although at present there is no evidence-based,
published guidance regarding the use of respiratory
syncytial virus immunoprophylaxis in children with
recurrent arrhythmias or rare channelopathies, such
as Brugada syndrome and long QT syndrome, the
faculty agreed in part on the basis of clinical experience (7-1) that children under 2 years with evidence
of haemodynamically signiﬁcant CHD, cardiomyopathies, or other forms of CHD, which current
guidelines identify as reasons to implement respiratory syncytial virus immunoprophylaxis, should
receive immunoprophylaxis during the respiratory
syncytial virus season. In addition, the faculty noted
that children with these conditions need to be protected from fever using standard treatments – that is,
paracetamol such as acetaminophen – because febrile
illness is an important precipitating factor for paediatric arrhythmias. The faculty also expressed the
opinion that further research and studies are needed
in this area.
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Question 9: Based on the beneﬁt shown and from your own
clinical experience, in which children undergoing heart
transplantation do you recommend immunoprophylaxis against
serious disease due to respiratory syncytial virus infection?
Recommendation: Immunoprophylaxis against serious disease
due to respiratory syncytial virus infection should be considered
for children younger than 2 years who are on the heart transplant
waiting list or children younger than 2 years in their 1st year
after heart transplant.
Voting Results: agree/disagree 7-1; Evidence Grade/Level:
341–44

There are limited data available for clinical decision
making regarding the need for respiratory syncytial
virus immunoprophylaxis in children requiring heart
transplantation.41–44 Evidence exists for increased risks
of serious disease due to respiratory syncytial virus
infection in immunocompromised patients, due to
congenital/acquired immunodeﬁciency, haematological malignancy, haematopoietic stem cell or solid organ
transplants, and use of immunosuppressive agents,42
and some guidelines contain recommendations
regarding use of immunoprophylaxis in patients with
severe immunodeﬁciencies10,18 or receiving a heart
transplant.14,15,18 Similarly, there are a few published
data on the importance of checking for the presence of
respiratory syncytial virus in hearts from potential
donors. Nonetheless, the faculty agreed (7-1) that
respiratory syncytial virus immunoprophylaxis needs to
be considered in children younger than 2 years who are
on the heart transplant waiting list. Furthermore,
respiratory syncytial virus immunoprophylaxis, at
standard doses according to the product label, is
recommended for children younger than 2 years in
their 1st year after heart transplantation because of the
immunocompromised condition of these patients.
Question 10: Based on the beneﬁt shown and from your own
clinical experience, for which children with CHD with associated
risk factors do you recommend immunoprophylaxis against
serious disease due to respiratory syncytial virus infection?
Recommendation: Children under 2 years with a genetic
condition or associated condition who have haemodynamically
signiﬁcant CHD, regardless of the primary diagnosis, should
receive immunoprophylaxis against serious disease due to
respiratory syncytial virus infection.
Voting Results: agree/disagree 7-1; Evidence Grade/Level:
2a15,18,42,43,45–48

A number of genetic conditions such as Down
syndrome or chromosome 22q11 microdeletion may
be associated with CHD. In addition, many infants
and children with primary or acquired immunodeﬁciency may be at increased risk of CHD. The faculty
agreed in part on the basis of clinical experience (7-1)
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that children aged <2 years with these conditions
should receive respiratory syncytial virus immunoprophylaxis if haemodynamically signiﬁcant CHD is
present, regardless of the primary diagnosis. Routine
respiratory syncytial virus immunoprophylaxis
was not recommended for children with other conditions that may involve CHD if there was no haemodynamic impact – for example, secundum atrial septal
defect/small ventricular septal defect, pulmonary stenosis, aortic stenosis, mild coarctation, patent ductus
arteriosus, and restrictive interventricular shunting.

Geographic variation in recommendations for associated
risk factors
The experts from Colombia and Spain consider
respiratory syncytial virus immunoprophylaxis in all
children with Down syndrome younger than 2 years
with unoperated, non-signiﬁcant CHD or nonsigniﬁcant residual postoperative defects – that is,
mild mitral regurgitation – or airway abnormalities.
In a study conducted in Spain, CIVIC 21,67 children
with Down syndrome with non-haemodynamically
signiﬁcant CHD had a higher hospital admission rate
for respiratory infection – that is, with any and related
to respiratory syncytial virus infection – than children
with Down syndrome with haemodynamically
signiﬁcant CHD. These ﬁndings suggest that patients
with Down syndrome and coexistent haemodynamically signiﬁcant CHD may be more likely to receive
palivizumab prophylaxis, and thus are protected
against serious disease due to respiratory syncytial virus
infection.
The expert from Japan recommends respiratory
syncytial virus immunoprophylaxis with palivizumab
in children with CHD, including those with no
signiﬁcant signs/symptoms or with complete repair,
who are 24 months of age or younger at the beginning of the respiratory syncytial virus season with
either chromosomal or genetic abnormalities – for
example, Down syndrome, Trisomy 21, other trisomy, or 22q11.2 deletion syndrome – or other types
of congenital anomalies with functional/organic
respiratory system abnormalities.
Question 11: Based on the beneﬁt shown and from your own
clinical experience, for which CHD children do you recommend
immunoprophylaxis against serious disease due to respiratory
syncytial virus infection for the prevention of nosocomial
respiratory syncytial virus infection if the patient was not
previously covered?
Recommendation: Immunoprophylaxis against serious disease
due to respiratory syncytial virus infection is recommended to
prevent the spread of respiratory syncytial virus infection during
a nosocomial respiratory syncytial virus outbreak in all CHD
patients younger than 12 months of age who are hospitalised for
surgery, interventions, or other medical reasons in a general
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paediatric area or speciﬁc paediatric cardiology area; or
hospitalised in a mixed paediatric/neonatal ICU or cardiac ICU
in the perioperative period.
Voting Results: agree/disagree 6-2; Evidence Grade/Level: 3;
45,18,47,49–52

During a nosocomial outbreak, it was recommended (6-2) that respiratory syncytial virus immunoprophylaxis be used in patients with CHD younger
than 1 year who are hospitalised for surgery, diagnostic
intervention or palliative procedure interventions, or
other medical reasons including injury or infection in
either a general paediatric or a speciﬁc paediatric
cardiology area, as well as those hospitalised in either
a mixed paediatric/neonatal ICU or a cardiac ICU in
the perioperative period. Some clinicians recommend
respiratory syncytial virus immunoprophylaxis for
all children with CHD who are younger than 1 year
if they are admitted as inpatients, whereas others only
recommend respiratory syncytial virus immunoprophylaxis for those children undergoing cardiac surgery
during respiratory syncytial virus season.
The faculty considers offering respiratory syncytial
virus immunoprophylaxis during a nosocomial
respiratory syncytial virus outbreak to the following
groups of children with CHD between 1 and 2 years,
if not previously covered:
∙ Infants meeting criteria for chronic lung disease of
prematurity and continuing to need medical aid for
the condition
∙ Children with cyanotic or non-cyanotic CHD, noncorrected or partially corrected
∙ Children with complex heart diseases, palliative
intervention, who have haemodynamic sequelae
such as moderate-to-severe pulmonary hypertension, heart failure, or hypoxaemia
∙ Children with surgically corrected CHD with
residual lesions with haemodynamic sequelae
∙ Children with surgically corrected CHD and a
history of severe lung complications, requiring
prolonged mechanical ventilation
∙ Children with immediate postoperative haemodynamic sequelae
∙ Children undergoing treatment for cardiomyopathy
∙ Children with heart disease with a planned
therapeutic diagnostic procedure – for example,
catheterisation
Question 12: What are the barriers to effective immunoprophylaxis against serious disease due to respiratory syncytial virus
infection in children with CHD, including the delivery of that
immunoprophylaxis?
Recommendation: A number of barriers have been identiﬁed
to effective immunoprophylaxis against serious disease due to
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respiratory syncytial virus infection in children with CHD,
including poor awareness of respiratory syncytial virus
disease risks and burden, compliance and completion barriers,
data and experience gaps, medical justiﬁcation and costeffectiveness, and changing respiratory syncytial virus
seasonality, in tropical and subtropical countries, which
makes it difﬁcult to establish an annual immunoprophylaxis
schedule.
Voting Results: agree/disagree 7-1; Evidence Grade/Level:
415,18,21,24,25,50,53–61

On the basis of clinical experience and a review of
the literature, the faculty identiﬁed (7-1) a number
of barriers to effective respiratory syncytial virus
immunoprophylaxis in children with CHD – for
example, poor awareness of respiratory syncytial
virus infection and disease risks and the burden of
disease55,56,60 were cited and attributed to several
factors, including variable deﬁnitions of at-risk
children, lack of agreement and clarity on a multidisciplinary approach to respiratory syncytial virus
immunoprophylaxis, and limited awareness of
the impact of respiratory syncytial virus infection
among healthcare providers who started their careers
after immunoprophylaxis became available. Other
respiratory syncytial virus immunoprophylaxis barriers identiﬁed included fear of injections, concerns
about potential adverse effects related to therapy, and
failure, by both healthcare providers and parents, to
understand the importance of respiratory syncytial
virus immunoprophylaxis regimen completion – that
is, administration of all prescribed doses.21,57–59
Knowledge gaps, both data and experience, were
cited as another barrier, especially because there is
paucity of clinical evidence available – clinical trial
and observational data – to support use of respiratory
syncytial virus immunoprophylaxis in certain cases.
In addition, issues with medical justiﬁcation and
cost-effectiveness exist because of limited awareness
of available evidence-based data regarding costeffectiveness.24,25

Geographical variation in barriers to respiratory
syncytial virus immunoprophylaxis
Patterns of respiratory syncytial virus seasonality
are related to multiple factors including climate –
for example, diurnal and seasonal temperature
excursions, humidity, latitude, and ultraviolet
B radiation.68–70 In tropical and subtropical countries, variability in the rainy season makes deﬁning
the onset of respiratory syncytial virus season challenging. Consequently, an appropriate and effective
annual respiratory syncytial virus immunoprophylaxis schedule is difﬁcult to establish.61
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Question 13: What management strategies could be put in
place to overcome these barriers to effective immunoprophylaxis
against serious disease due to respiratory syncytial virus infection
in children with CHD?
Recommendation: There are a number of recommendations for
strategies to help overcome barriers to effective
immunoprophylaxis against serious disease due to respiratory
syncytial virus infection. These include improving awareness of
respiratory syncytial virus at all levels from the public to
healthcare providers.
Voting Results: agree/disagree 8-0; Evidence Grade/Level: 1a;
415,21,53,57–59,62

The faculty agreed (8-0) that there are multiple
strategies to remove barriers of effective respiratory
syncytial virus immunoprophylaxis, including
improving awareness of respiratory syncytial virus at
all levels. Educational efforts conducted by relevant
stakeholders – for example, paediatric cardiologists,
paediatricians, other healthcare providers, professional medical societies, and health authorities –
regarding respiratory syncytial virus infection should
extend from increased awareness among the public
to improved communication of risk-prevention
measures to all healthcare professionals who care for
key at-risk groups of children.
To support improved awareness of the clinical
impact of respiratory syncytial virus, including the
importance of respiratory syncytial virus immunoprophylaxis in children with CHD, establishment of
local, regional, national, and international registries
was considered useful for capturing more observational
data and experiences in at-risk children. This data
capture method not only provides continuous reporting of respiratory syncytial virus epidemiology in
children with CHD and the potential effectiveness of
prophylaxis, but also could serve as a valuable source
of data to support outbreak-containment efforts.
Suggested strategies include web-based databases,
preferably centralised, use of an online data collection
form, analyses, and educational activities such as
lectures for healthcare providers involved in the care of
patient populations of interest. As an example, cases
of respiratory syncytial virus infection in the United
Arab Emirates can be entered into an online registry
website that serves as a source of continuous surveillance, data collection, and advice.
Question 14: In which children with CHD older than 2 years
should you consider immunoprophylaxis against serious disease
due to respiratory syncytial virus infection?
Recommendation: There is no recommendation for children
with CHD who are older than 2 years, because more information
is needed. It is essential to continually update recommendations
regarding immunoprophylaxis against serious disease due to

Vol. 27, No. 8

Tulloh et al: Respiratory syncytial virus prophylaxis in CHD

respiratory syncytial virus infection, taking into account both the
latest evidence and the professional judgement of expert cardiac
care providers to reduce variations and inequity in clinical
practice.
Voting Results: agree/disagree 8-0; Evidence Grade/Level: 3;
45,9,60,63–65

There is no recommendation for children with
CHD older than 2 years, because more information is
needed. The faculty agreed (8-0) that there is a continual need to update respiratory syncytial virus
immunoprophylaxis recommendations based on new
evidence and the evolving clinical expertise of cardiac
care providers striving for consistency in clinical
practice care standards. More evidence and greater
clinical experience are required to provide more
comprehensive recommendations on the management of risk in patient groups not currently described
in formal guidelines or addressed in these recommendations – for example patients older than 2 years
with serious CHD, older children awaiting heart
transplants, patients with haematological cancers,
immunocompromised patients, patients with Down
syndrome or 22q11.2 deletion syndrome, and older
children with chronic lung disease, pulmonary
hypertension, and haemodynamically signiﬁcant
CHD, and elderly patients with serious CHD. Furthermore, increased use of registries to capture data
regarding respiratory syncytial virus and respiratory
syncytial virus immunoprophylaxis would help
inform future clinical practice.

Discussion
These recommendations regarding immunoprophylaxis against serious disease due to respiratory
syncytial virus infection reﬂect the agreement of an
international group of clinicians with expertise in the
care of children with CHD. There was a clear agreement and the most robust clinical evidence for
respiratory syncytial virus immunoprophylaxis in
children younger than 2 years with either unoperated
haemodynamically signiﬁcant CHD – including
acyanotic CHD requiring therapy, single-ventricle
physiology, or with cyanosis (oxygen saturation
<85%) – or pulmonary hypertension – idiopathic,
associated with CHD, or secondary to cardiomyopathy – or children younger than 1 year who had
surgical intervention for haemodynamically signiﬁcant CHD (Questions 4–6; Level 1a evidence for
all). The recommendations for these conditions are
somewhat different from many guidelines (Table 1),
especially in terms of suggested age – that is, children
aged <2 years versus <1 year – but are most consistent with those in guidance documents for Japan13
and Mexico/Spain.15
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For children between 1 and 2 years with early surgical intervention for CHD, respiratory syncytial virus
immunoprophylaxis was also recommended for up to
6 months postoperatively or on a case-by-case basis;
however, there was some difference in opinion about
the duration of immunoprophylaxis continuation in
the postsurgical period. Individualised case decisions
may be required and depend on the intention and
outcome of the surgical invention – that is, if the
surgery is palliative, there may be general agreement
for prophylaxis for at least the duration of the
respiratory syncytial virus season. In cases of complete
surgical correction, immunoprophylaxis decisions may
seem less clear; however, for all children with operated
CHD – that is, both palliative and fully corrective –
continuation of prophylaxis may be appropriate to
allow ample time for overall recovery and physiological remodelling. In addition, because a >50% decrease
in palivizumab serum concentration levels – that is, to
non-protective levels – has been demonstrated after
cardiopulmonary bypass, administration of a palivizumab dose after surgeries of this type should be
considered to fully protect patients against the risk of
severe disease due to respiratory syncytial virus infection during the vulnerable recovery period.9
There is limited information in the literature
regarding the relationship between respiratory syncytial virus infection and acute pulmonary hypertension
associated with surgery. Khongphatthanayothin
et al52 found that infants who underwent cardiopulmonary bypass during a hospital admission with
acute respiratory syncytial virus infection had a higher
risk of complications. These data support the practice
of delaying cardiac surgery until at least 6 weeks after
the initial diagnosis of respiratory syncytial virus
infection. Although there was no direct evidence for
pulmonary hypertension in this study, ICU-admitted
infants may have pulmonary vascular reactivity with
extreme alterations in their oxygen saturation levels,
resulting in a complicated clinical management
scenario. A potential mechanism for pulmonary
hypertension occurrence was described by Carpenter
and Stenmark, who cited demonstration of a profound
cuff of inﬂammatory cells around the pulmonary
capillaries in a primate model of respiratory syncytial
virus infection; this pathology could lead to hypoxia
and hypercapnia by making gas exchange more difﬁcult.71 However, although hypoxaemia may occur in
children in the perioperative period after respiratory
syncytial virus infection, there was no evidence of
chronic pulmonary hypertension in ﬁndings reported
from a large, randomised, clinical trial of children with
CHD (n = 1287)72 or in our own clinical experience.
The panel also agreed that respiratory syncytial virus
immunoprophylaxis was recommended for children
younger than 2 years either on heart transplant waiting
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lists or in their 1st year after heart transplant (Question
9) and children younger than 1 year with cardiomyopathies requiring treatment (Question 7), but existing
evidence for these conditions was somewhat less robust,
and the clinical experience of the expert group was used
to supplement gaps in the clinical evidence for recommendation formulation, although any available evidence was considered. The recommendation regarding
transplantation (Level 3 evidence) is more deﬁnitive but
consistent with some existing guidance documents
(Table 1) regarding use of immunoprophylaxis in
patients with severe immunodeﬁciencies10,18 or receiving a heart transplant.14,15,18 The expert group also
recommended respiratory syncytial virus immunoprophylaxis in children younger than 1 year with cardiomyopathies who required medical treatment including
congestive heart failure therapy or oxygen support
(Level 2a; 2b evidence). This recommendation is similar
to that contained in guidance documents from the
United Kingdom.17 Japanese guidelines13 suggest
respiratory syncytial virus immunoprophylaxis in children with haemodynamically signiﬁcant cardiomyopathy younger than 2 years at the start of the respiratory
syncytial virus season. Respiratory syncytial virus
immunoprophylaxis was also recommended for children with recurrent arrhythmias and channelopathies
(Question 8) if these conditions coexist with haemodynamically signiﬁcant CHD, cardiomyopathies, or other
forms of CHD, according to international and/or
country-speciﬁc guidelines for the latter co-morbidities
(Level 3, 4 evidence). Children with Down syndrome
have an increased susceptibility to infections due to
multiple factors including innate immune system
abnormalities such as reduced thymus size,
lymphocyte counts, and antibody response; anatomical,
physiological or functional abnormalities such as
poor airway muscle tone, abnormal lung development,
and respiratory response; and presence of co-morbidities
such as CHD and chronic ear infections.73 On the basis
of available data, the faculty recommended immunoprophylaxis against serious disease due to respiratory
syncytial virus infection for children with a genetic or
associated condition if haemodynamically signiﬁcant
CHD was present, regardless of the primary diagnosis
(Question 10, Level 2a evidence). In comparison,
Japanese guidelines13 recommend immunoprophylaxis
in all children with CHD and chromosomal/genetic
abnormalities – for example Trisomy 21/Down syndrome, other trisomy, or 22q11.2 deletion syndrome –
younger than 24 months at the start of respiratory
syncytial virus season, even if there are no signiﬁcant
signs/symptoms or a complete resolution of CHD. The
updated American Academy of Pediatrics guidance18
only recommends routine use of palivizumab in
children with Down syndrome if there is coexisting
haemodynamically signiﬁcant CHD, chronic lung
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disease, airway clearance issues, or prematurity – that is,
<29 weeks, 0 days of gestation.
Opinion was divided for the use of respiratory syncytial virus immunoprophylaxis in children older than
1 year, in nosocomial outbreaks, in children with
immune deﬁciencies, and in those being admitted for
cardiac interventions such as corrective surgery, palliative procedures, or diagnostic intervention, which is
not unexpected because these areas have limited, less
robust clinical evidence or are not well addressed in
international guidelines. The expert group recommended respiratory syncytial virus immunoprophylaxis
to prevent the spread of respiratory syncytial virus
infection during a nosocomial respiratory syncytial
virus outbreak in select groups of hospitalised patients
younger than 1 year with CHD (Question 12; Level 3,
4 evidence). In contrast, the American Academy of
Pediatrics guidance18 does not recommend respiratory
syncytial virus immunoprophylaxis to control outbreaks of healthcare-associated disease. In many of these
clinical scenarios, treatment decisions will need to be
made on the basis of the individual case – for example,
if a child is admitted for a relatively simple cardiac
intervention procedure, there may be no need for
respiratory syncytial virus immunoprophylaxis; however, if major cardiac surgery is planned during an
outbreak of respiratory syncytial virus, prophylaxis
could be considered. In addition, individual healthcare
providers must frequently make immunoprophylaxis
decisions for patients who have previously experienced
severe disease due to respiratory syncytial virus infection; it is suggested that continuation of immunoprophylaxis would be appropriate in these circumstances
because recent infection does not confer immunity.
For children older than 2 years, the group determined that more data are needed (Question 14; Level
3, 4 evidence). It should be noted that a full understanding of the risks of severe disease due to respiratory syncytial virus infection in the 2nd year of life
continues to evolve. Recent studies have found that
children between 12 and 23 months with certain
CHD diagnoses have signiﬁcantly increased risk of
hospitalisation due to respiratory syncytial virus
infection compared with children without CHD,74
and that children younger than 2 years with congenital airway anomalies, without CHD, who
received immunoprophylaxis during 1 or 2 respiratory syncytial virus seasons had the same likelihood
of respiratory syncytial virus-related hospitalisation
in the two virus seasons.75
Finally, there was general consensus that respiratory syncytial virus immunoprophylaxis needs to be
more available in countries with limited resources –
for example, economic/budget constraints or limited
cross-functional support. It was also recognised that
there is insufﬁcient evidence to guide its use in
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subtropical and tropical countries and in patients
with certain co-morbidities.
Risks associated with lower respiratory tract
infections are a concern in children with CHD; these
types of infections may have a complex aetiology, and
the full spectrum of potential causes – for example,
other viral and bacterial pathogens – and available
preventive measures – for example, active vaccination
to prevent pneumonia – must be considered in care
decisions for these patients.76 At present, there is no
approved vaccine for respiratory syncytial virus
infection, which is an area for further study. Future
research is also warranted for increased understanding
of respiratory syncytial virus infection and effective
immunoprophylaxis guidance, including the effect of
seasonality – for example, in areas with lack of seasons
or with two seasons a year – effect of co-morbid
conditions – for example, Down syndrome, neuromuscular disease, airway diseases, or immunodeﬁciency – and age considerations – for example, use
in children aged 2–3 years or the elderly and identiﬁcation of optimal age for immunoprophylaxis
implementation. Additional information in these and
other areas could guide more effective disease prevention strategies and more conclusive, universal
prophylaxis recommendations.
The key strength of these recommendations is that
they were devised using a practical and efﬁcient
consensus-building methodology with input from a
diverse, international group of paediatric heart disease experts, although it should be noted that the full
Delphi method was not used. The primary limitation
of these recommendations is the paucity of robust
clinical evidence in certain patient subgroups and
clinical situations. In addition, the reported regional
variations are of interest, but may not fully reﬂect
geographic differences because the opinions of this
geographically diverse group of experts may not be
representative of other clinicians from the respective
regions. In conclusion, these recommendations
provide needed guidance to healthcare providers who
care for children at high risk of serious disease due to
respiratory syncytial virus infection, including
some vulnerable clinical populations that are not
sufﬁciently addressed in current evidence-based
guidelines.
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