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Abstract
Vaccination programs have had a pivotal part in the successful reduction of global 
morbidity and mortality of infectious diseases. Despite their undeniable success, 
vaccination rates among children with congenital heart disease (CHD) remain 
suboptimal. This article aims to address the challenges surrounding immunization 
in CHD patients and provide guidance for immunization practices within this 
population. 
Most experts advocate for adherence to standard immunization practices in 
CHD patients who are immunocompetent and in good health. Supplemental 
vaccinations against rotavirus, varicella, meningococcus, hepatitis A and influenza 
are recommended. RSV prophylaxis with palivizumab is advisable in patients 
with hemodynamically significant CHD during winter season. However, special 
considerations are warranted in specific situations, such as around cardiac surgery 
or in patients who are immunocompromised. Furthermore, adjustments to the 
vaccination schedule might be necessary for patients who require antithrombotic 
prophylaxis or blood transfusions. Lastly, special attention should be given to 
individuals at a high risk of decompensation after immunization, who might require 
close parental or medical monitoring for up to 72 hours post-vaccination.
Keywords: immunization, congenital heart defects, cardiac surgical procedures,  
vaccination

Introduction
Vaccines stand as one of the 

greatest public health success stories in 
modern times. World-wide vaccination 
initiatives have played a central role 
in reducing morbidity and mortality of 
infectious diseases, with an estimated 6 
million deaths prevented each year [1]. 
It is estimated that global immunization 
programs have saved 386 million life 
years and prevented 96 million disability-
adjusted life years, especially in children 
[1]. Moreover, the successful eradication 
of smallpox at the end of the 20th century 
demonstrated the effectiveness of well-
coordinated immunization programs 
[1,2]. Despite the compelling evidence for 
the benefits of immunizations, vaccination 
rates remain unsatisfactory, especially 
within vulnerable populations [3].

Congenital heart disease (CHD) 
is the most prevalent congenital 

malformation, with an incidence of 6 
cases per 1000 live births [4]. With the 
advancement of surgical techniques and 
management strategies, survival rates 
and quality of life of CHD patients have 
significantly improved in recent years. 
Better outcomes for CHD patients raise 
new questions about their long-term 
surveillance and treatment strategies, 
especially in primary care. Several studies 
have shown sub-optimal vaccination 
rates within this vulnerable population 
[5–7]. These findings are of particular 
importance considering that CHD patients 
are more susceptible to infections due 
to alterations of innate immunity and 
chronic inflammation [8]. Additionally, 
this particular group of patients faces a 
higher risk for adverse outcomes from 
infectious diseases compared to their 
healthy counterparts [9]. Multiple studies 
have sought to investigate the underlying 
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reasons for the low immunization rates. Commonly 
encountered factors include frequent hospitalizations, 
recurrent infections that deferred immunizations, refusal 
of community centers to administer vaccines outside of 
hospital setting, as well as a lack of consensus on optimal 
vaccination practices [5,10].

In light of these observations, our article aims 
to clarify the underlying challenges of immunization 
in patients with CHD. By delineating recommended 
practices endorsed by responsible authorities, our goal is 
to provide clinicians with the guidance required to improve 
vaccination rates within this vulnerable population.

Recommended vaccines for children with CHD 
The consensus among experts and authorities 

is that vaccination is safe in stable immunocompetent 
patients with CHD and can be administered according to 
the recommended schedule [11–13]. A study conducted in   
China has demonstrated a low incidence of adverse reactions 
in children with CHD who presented good health and normal 
heart function [14]. Therefore, it is essential to prioritize 

adherence to the recommended immunizations, considering 
the higher risk of adverse outcomes from infections in 
this group [9]. Key steps include reviewing the child’s 
immunization records at each pediatric or family medicine 
scheduled visit and adhering to the vaccination schedule. 
In Romania, this includes vaccination against hepatitis B, 
tuberculosis, diphtheria, tetanus, pertussis, poliomyelitis, 
Haemophilus influenzae type B, pneumococcus, measles, 
mumps and rubella [15]. The national vaccination schedule 
can be consulted in table I. Prophylactic paracetamol can 
be prescribed after vaccinations, as fever might not be 
well tolerated in some CHD patients [12]. Fever-induced 
tachycardia can be particularly detrimental in certain types 
of CHD, as it may reduce effective ventricular filling time 
and exacerbate heart failure symptoms.

Besides the recommended vaccines from the 
national schedule, children with CHD should receive 
additional immunizations. Experts recommend that 
children with CHD are also immunized against varicella, 
meningococcus, hepatitis A and Rotavirus [11].

Table I. Romanian National Vaccination Schedule. Adapted from [15,16]. All vaccines are inactivated, except for the ones marked with 
*, which are live attenuated.

Romanian National Vaccination Schedule

Birth
Calmette 
Guerrin 
vaccine*

Hepatitis B 
vaccination

2 months

Hexavalent vaccine against 
diphtheria, tetanus, pertussis, 
poliomyelitis, Haemophilus 

influenzae type B and 
hepatitis B

Conjugated 
pneumococcal 

vaccine

4 months

Hexavalent vaccine against 
diphtheria, tetanus, pertussis, 
poliomyelitis, Haemophilus 

influenzae type B and 
hepatitis B

Conjugated 
pneumococcal 

vaccine

6 months

11 months

Hexavalent vaccine against 
diphtheria, tetanus, pertussis, 
poliomyelitis, Haemophilus 

influenzae type B and 
hepatitis B

Conjugated 
pneumococcal 

vaccine

12 months Measels-rubella-
mumps vaccine*

5 years Measels-rubella-
mumps vaccine*

5-6 years

Tetravalent 
vaccine against 

diphtheria, 
tetanus, 

pertussis, 
poliomyelitis

14 years
Vaccine against 

diphtheria, tetanus 
and pertussis
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Special attention should be considered in the case 
of common respiratory viruses such as influenza and 
syncytial respiratory virus. Pediatric patients with lower 
respiratory tract infections and significantly hemodynamic 
cardiac disease have a restricted capacity to increase 
cardiac output and oxygenation delivery, consequently 
being at risk of respiratory failure and decompensation of 
the underlying heart disease [17,18]. Influenza infection 
carries a significantly higher risk of adverse outcomes and 
in-hospital mortality in children with cardiac disease [19]. 
Therefore, all patients with CHD over the age of 6 months 
are recommended to receive the influenza vaccination 
annually [11,19]. It is significant to highlight that live 
attenuated influenza vaccine should not be used in children 
with CHD, in order to prevent complications from potential 
live virus replication, especially when a viable alternative 
exists [11]. 

Respiratory syncytial virus accounts for most lower 
respiratory tract infections in infants, with 90% of all children 
being infected by the age of 2 years [18,20]. Children with 
cardiac abnormalities, especially those with pulmonary 
hypertension, are at greater risk of hospitalization and 
mortality from RSV infection. Several studies demonstrated 
that approximately 33% of hospitalized children with CHD 
and RSV infection require ICU admission, with 3.4% 
experiencing fatal complications related to the infection 
[18,21,22]. A large trial conducted in 2003 evidenced 
that monthly prophylaxis with palivizumab, a humanized 
murine monoclonal antibody against RSV, reduced RSV 
hospitalizations by 45% in children with hemodynamic 
significant cardiac abnormalities [22]. Subsequent studies 
have demonstrated the safety and efficacy of palivizumab 
in reducing morbidity and mortality in this group of patients 
[8,23]. Therefore, it is advisable that children under the 
age of 2 with clinically significant cyanotic or acyanotic 
congenital heart disease, requiring cardiac medication or 
corrective surgery, undergo monthly RSV prophylaxis with 
palivizumab during winter season (September – March). 
If the child contracts RSV infection, they should continue 
the administration of palivizumab throughout the season 
since acute infection in infants does not confer protective 
immunity [18].

In addition to the aforementioned recommendations, 
it is advised that close contacts of the patients, such as parents 
and siblings, receive appropriate immunizations in order 
to protect the child [24]. Moreover, special consideration 
should be taken into account in patients with scheduled 
cardiac surgery or immunocompromised children such as 
those with Di George or Asplenic Heterotaxy syndrome.

Special considerations – cardiac surgery
A significant proportion of patients diagnosed with 

CHD require corrective cardiac surgery. These interventions 
are scheduled at increasingly earlier ages, coinciding with 
the typical timing of routine immunizations. Consequently, 

clinicians face new challenges in ensuring that these patients 
adhere to their immunization schedule. Concerns about 
immunization before surgery include potential side effects 
from vaccines such as fever and rashes, which could add 
stress on patients during this period [13]. Moreover, these 
side effects might be incorrectly attributed to other causes, 
potentially leading to delays of the intervention. Therefore, 
it is recommended that vaccines should not be administered 
within a week of the scheduled surgical procedure [13]. A 
notable exception is the MRM vaccine, which should not be 
given within 2 to 4 weeks of the planned intervention, as 
side effects from this vaccine can arise up to 2 to 4 weeks 
after its administration [12,25]. Furthermore, the potential 
risk for thrombocytopenia after MRM vaccination also 
calls for precaution when considering this immunization 
before planned surgery [12,26]. Similar precautions should 
be considered with the varicella vaccine, which should not 
be administered within 4 to 6 weeks of the intervention for 
comparable reasons [12] . 

After cardiac operation, the administration of 
immunizations requires careful consideration due to the 
complex nature of the procedures involved. Surgery requires 
hospital admission, employment of cardiopulmonary bypass 
and administration of blood products, all contributing to the 
inherent risks of infections and subsequent organ sequelae 
[12]. Concerns arise regarding the potential for vaccine 
side effects to mask or complicate post-surgical issues [12]. 
Consequently, it is recommended that inactivated vaccines 
be delayed for 4 to 6 weeks after surgery [13]. Moreover, 
cardiopulmonary bypass requires blood transfusions, 
which can exert important immunomodulatory effects [12]. 
Since blood products can diminish the immune response 
to live attenuated vaccines, it is advisable to defer the 
administration of such vaccines for up to 7 months after 
the intervention [12,13]. This restriction does not apply 
to Rotavirus immunization, because of its oral route of 
administration and minimal interaction with circulation 
antibodies [13]. A list of live attenuated vaccines frequently 
used in Romania is provided in table II. Additionally, 
cardiopulmonary bypass is known to diminish serum 
palivizumab concentrations under the protective level. 
Therefore, it is recommended to administer an additional 
dose of palivizumab after the procedure [22].

A proposed immunization schedule for children 
with CHD that require corrective surgery can be found in 
table III. 

Table II. List of live attenuated vaccines found in Romania. 
Adapted from [11,15].
Live attenuated vaccines

-	 Calmette Guerrin vaccine;
-	 Measles-rubella-mumps vaccine;
-	 Varicella vaccine;
-	 Rotavirus vaccine;
-	 Live attenuated influenza vaccine (intranasal);
-	 Oral Polio Vaccine



Pediatrics

MEDICINE AND PHARMACY REPORTS Vol. 98 / No. 3 / 2025: 283 - 289286 

Special considerations – Di George syndrome
Di George syndrome is a genetic defect commonly 

caused by 22q11.2 microdeletions. It is characterized 
by the triad: hypocalcemia caused by hypopituitarism, 
immunodeficiency and congenital heart defects [11,28]. 
Among the observed cardiac anomalies are conotruncal 
malformations such as conoventricular ventricular septal 
defect (VSD), truncus arteriosus, tetralogy of Fallot, 
pulmonary atresia with VSD or interrupted aortic arch 
[28,29]. Immunodeficiency is present in approximately 
75% of patients and results from hypoplasia of the thymus 
and impaired T-cell production [28,30]. The coexistence 
of severe cardiac disease, which often requires corrective 
surgery, and immunodeficiency, which increases the risk 
for infections and their adverse outcomes, prompts inquiry 
about the correct immunization practices in individuals 
with 22q11.2 deletions. Live attenuated vaccines are a 
concern in this group, due to potential vaccine-related 
disease [31]. Therefore, this type of vaccine should only 
be administered after consultation with an immunologist 
[11,13]. Furthermore, it is recommended that these patients 
receive additional doses of pneumococcal vaccines, as 
well as annual influenza immunization [31]. In settings of 
cardiac surgery, blood products should be irradiated and 
CMV negative in order to prevent transfusion-associated 
graft-versus-host disease. These measures also aim to 
reduce lung injury, particularly in surgical cases requiring 
cardiopulmonary bypass [32]. 

Special considerations – heterotaxy syndrome
Heterotaxy syndrome is a complex lateralization 

abnormality of the thoracoabdominal viscera, caused by 
aberrant embryological development [33]. It determines 
an atypical symmetry of the internal organs located in 
the thorax and abdomen, including the atria of the heart 
[34]. In left heterotaxic syndrome, the right organs are 
a mirrored image of the left viscera, leading to complex 
congenital cardiac malformations where both atria are 
morphologically left atria, bilateral bilobed lungs, midline 
liver and multiple spleens [33,34]. Right isomerism is 
defined as the condition where opposite organs on the 
right-to-left axis of the body are mirrored images of the 
right structures [33]. It determines severe cardiac defects 
such as discordant atrioventricular and ventricular-arterial 
connections, common atria or univentricular heart, bilateral 
trilobed lungs, midline liver and hyposplenia or absent 
spleen [33,34]. Hypo – and asplenia cause derangements of 
the immune system, primarily attributed to the depletion of 
IgM memory B cells and impaired phagocytosis [35,36]. It 
increases the risk of infections, especially with encapsulated 
bacteria such as Neisseria meningitidis, Streptococcus 
pneumoniae and Hemophilus Influenzae type B [11,36]. 
All children with right isomerism and hypo-/asplenia 
should receive age-appropriate immunization as per routine 
guidelines [34,36]. Special considerations should be given 
to vaccines targeting encapsulated bacteria. Immunizations 
against Meningococcus, Pneumococcus and Hemophilus 

Table III. Proposed Proposed Vaccination Schedule for children with CHD in need of corrective cardiac surgery. Adapted from 
[15,16,27]. This schedule does not apply for children with CHD and asplenia or immunodeficiency.
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Influenzae type B are recommended for these individuals, 
with additional boosters required to maintain long-term 
immunity. Additionally, annual influenza vaccination is 
advised [36]. It is important to emphasize that no vaccines, 
including live attenuated ones, are contraindicated in these 
patients [13]. 

Special considerations – drugs and blood 
products

Children with heart disease often require 
medication, whether for a short or extended period, in 
order to maintain their health. Following corrective cardiac 
surgery, patients may require antithrombotic prophylaxis 
with anticoagulants and/or salicylates [37]. Due to the 
association between natural varicella infection, aspirin 
and Reye syndrome, the CDC and vaccine producers 
recommend avoiding aspirin use for six weeks following 
varicella immunization [13,38–40]. While no reported 
cases have linked the vaccine to Reye syndrome, avoidance 
of aspirin is advised as a precaution [13,39]. In children 
on long-term salicylate therapy, clinicians must carefully 
assess the potential risk of Reye syndrome against the 
known risks of thrombosis or varicella disease before 
administering the vaccine or deciding to interrupt aspirin 
therapy [13]. The same precautions should be considered 
for influenza vaccination. However, since an inactivated 
vaccine is available for administration, live inactivated 
vaccines are contraindicated in this group of patients [41]. 
Regarding anticoagulation therapy, intramuscular vaccine 
administration may be associated with a theoretically 
higher risk of bruising, hematoma, and bleeding. 
Therefore, subcutaneous administration has been regarded 
as a potential option to mitigate these complications. 
However, it’s important to note that in addition to the 
potential diminished immunological effect associated with 
subcutaneous administration, this route has not been proven 
to be safer than the intramuscular route [42]. As a result, the 
decision to use either route should be individualized taking 
into account the patient’s past history of bleeding, clinical 
data, renal, hepatic and coagulation parameters [43]. 

Cardiac surgery and other associated conditions or 
complications of CHD require blood product transfusion. 
These blood products frequently contain antibodies against 
numerous pathogens, gained either by natural infection 
or immunization. These antibodies can interfere with the 
natural response of the immune system to live vaccines, 
leading to a diminished response [12,44]. The same 
principle applies to Intravenous Immunoglobulin. (IVIG), 
a product commonly utilized in the treatment of Kawasaki 
disease [12,44]. Table IV contains the necessary interval 
between receipt of blood products or IVIG and subsequent 
administration of live vaccines in order to amount to an 
adequate immune response. Clinicians are recommended 
to consult it to facilitate appropriate scheduling of 
immunizations in these patients.

CHD patients at risk for decompensation 
after immunization

While most children with CHD tolerate 
immunizations without any complications, some 
patients are at a higher risk of decompensation after 
vaccinations. Individuals with previous adverse reactions 
to immunizations, shunt-dependent lesions, univentricular 
defects or Norwood corrections, as well as premature or 
low-birth-weight infants, might be particularly susceptible 
to decompensation post-immunizations [45]. It’s important 
to emphasize that these conditions are not a contraindication 
to vaccination. However, physicians should exercise caution 
with these individuals. Clinical reviews are necessary 
before administration and if deemed safe, immunizations 
can be administered in an outpatient setting. Parents must be 
instructed to monitor for general deterioration, respiratory 
distress, or cyanosis for up to 72 hours post-immunization 
and seek medical assistance if these symptoms arise. 
Hospital admission and monitoring can be considered 
in special circumstances in some particularly high-risk 
infants, such as those with univentricular hearts, especially 
those with Norwood correction. Antipyretic prophylaxis 
with paracetamol should be administered, especially in 
high-risk individuals [45].

Table IV. Necessary interval between receipt of blood products and subsequent administration of MRM or Varicella vaccine. Adapted 
from [12] and [44].

Blood product Interval between receipt of blood products and subsequent 
administration of MRM or Varicella vaccine

Washed Red Blood Cells 0
Reconstituted Red Blood Cells 3

Packed Red Blood Cells 5
Whole Blood 6

Fresh Frozen Plasma 7
Platelets 7

Intravenous Immunoglobulin (IVIG – 2g/kg) 11
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Discussion
Ensuring that children with congenital heart 

disease (CHD) receive appropriate immunizations is 
essential for safeguarding their health and well-being. 
Alongside adhering to the national vaccination schedule, 
it’s essential to provide additional immunizations such 
as varicella, meningococcus, hepatitis A, rotavirus and 
influenza vaccination in stable immunocompetent children 
with CHD [11–13,19]. Furthermore, these children might 
benefit from immunoprophylaxis against RSV with 
palivizumab in the cold season [18]. However, caution is 
advised in patients who require corrective cardiac surgery. 
It is recommended that vaccines are not administered in the 
period right before the planned intervention. Following the 
procedure, immunization should be delayed for 4-6 weeks 
for inactivated vaccines and 7 months for live ones [12,13]. 

Patients with CHD and compromised immunity 
require meticulous planning for their immunization 
schedule. For instance, patients with Di George syndrome 
live vaccines should only be administered after consultation 
with an immunologist [11,13]. Similarly, patients with 
anatomic or functional asplenia, such as those with Right 
Heterotaxy syndrome, have special requirements regarding 
vaccination, especially against encapsulated bacteria. 
Besides the required immunizations from the national 
schedule, these individuals must be vaccinated against 
Meningococcus, Pneumococcus, Hemophilus influenzae 
type B, and influenza, with the potential need for additional 
boosters [34,36]. Special immunization considerations 
are warranted for patients undergoing antithrombotic 
prophylaxis, especially for those with salicylate therapy 
[13,38–40]. If transfusions are administered, immunization 
with live vaccines should be deferred according to the 
required interval depending on the specific blood product 
administered [12,44].

Conclusion
In light of the reported benefits of vaccination 

in children with CHD, we advocate for comprehensive 
education on immunization practices, as well as emphasizing 
the importance of collaborative efforts among pediatric 
cardiologists, pediatricians, primary care physicians and 
immunologists. Such endeavors are central to improving 
immunization rates and ensuring the well-being of children 
with CHD.

References
1.	 Ehreth J. The global value of vaccination. Vaccine. 

2003;21:596-600.
2.	 Rodrigues CMC, Plotkin SA. Impact of Vaccines; Health, 

Economic and Social Perspectives. Front Microbiol. 
2020;11:1526.

3.	 Kaur G, Danovaro-Holliday MC, Mwinnyaa G, Gacic-Dobo 
M, Francis L, Grevendonk J, et al. Routine Vaccination 
Coverage - Worldwide, 2022. MMWR Morb Mortal Wkly 
Rep. 2023;72:1155-1161.

4.	 Hoffman JI, Kaplan S. The incidence of congenital heart 
disease. J Am Coll Cardiol. 2002;39:1890-1900.

5.	 Zhou XY, Yao M, Qi JG, Qi ZN, Liang WL. Vaccination 
in children with congenital heart disease: an observational 
study in a Beijing hospital. Pediatr Res. 2023;93:2061-2066.

6.	 Remmele J, Westphal DS, Unterleitner C, Becker R, 
Oberhoffer-Fritz R, Hager A, et al. Do children with congenital 
heart defects meet the vaccination recommendations? 
Immunisation in children with congenital heart defects. 
Cardiol Young. 2022;32:1143-1148.

7.	 Zhang L, Yang Z, Yin Y, Huang W, Yi T, Ping J, et al. Using 
big data to analyze the vaccination status of children with 
congenital heart disease in Yinzhou District, China. Hum 
Vaccin Immunother. 2024;20:2319967.

8.	 Ratti C, Greca AD, Bertoncelli D, Rubini M, Tchana B. 
Prophylaxis protects infants with congenital heart disease 
from severe forms of RSV infection: an Italian observational 
retrospective study: Palivizumab prophylaxis in children 
with congenital heart disease. Ital J Pediatr. 2023;49:4.

9.	 Ahuja N, Mack WJ, Wu S, Wood JC, Russell CJ. Acute 
respiratory infections in hospitalised infants with congenital 
heart disease. Cardiol Young. 2021;31:547-555.

10.	 Sanatani G, Franciosi S, Bone JN, Dechert B, Harris KC, 
Sadarangani M. A Survey of Immunization Practices in 
Patients With Congenital Heart Disease. CJC Pediatr 
Congenit Heart Dis. 2022;1:74-79.

11.	 Woodward CS. Keeping children with congenital heart 
disease healthy. J Pediatr Health Care. 2011;25:373-378.

12.	 Smith P. Primary care in children with congenital heart 
disease. J Pediatr Nurs. 2001;16:308-319.

13.	 Immunisation Handbook 2024 Version 1 – Health 
New Zealand | Te Whatu Ora. Available from: https://
www.tewhatuora.govt.nz/for-the-health-sector/vaccine-
information/immunisation-handbook-2024-version-1/

14.	 Zheng DY, Liu ZQ, Ma S, Zhang AL, Zhang WJ, Shi NM. 
Safety of vaccination in children with congenital heart 
disease. Chin J Biol. 2018;31:1126-1129. 

15.	 National Center of Communicable Disease Surveillance 
and Control - National Vaccination Calendar [Romanian] 
Available from: https://www.cnscbt.ro/index.php/calendarul-
national-de-vaccinare

16.	 Azoicai D. Barbacariu CL, Barbacariu IC, Branza IL, Chitan 
LE, Cioc SM, et al. Vaccination Guidelines for the Family 
Practioner. 2nd ed. Amaltea, 2023 [Romanian]

17.	 Fixler DE. Respiratory syncytial virus infection in children 
with congenital heart disease: a review. Pediatr Cardiol. 
1996;17:163-168.

18.	 Use of palivizumab in children with congenital heart disease. 
Paediatr Child Health. 2003;8:631-636.

19.	 Ghimire LV, Chou FS, Moon-Grady AJ. Impact of 
congenital heart disease on outcomes among pediatric 
patients hospitalized for influenza infection. BMC Pediatr. 
2020;20:450.



Review

MEDICINE AND PHARMACY REPORTS Vol. 98 / No. 3 / 2025: 283 - 289   289

20.	 Simoes EA. Respiratory syncytial virus infection. Lancet. 
1999;354:847-852.

21.	 Khongphatthanayothin A, Wong PC, Samara Y, Newth 
CJ, Wells WJ, Starnes VA, et al. Impact of respiratory 
syncytial virus infection on surgery for congenital heart 
disease: postoperative course and outcome. Crit Care Med. 
1999;27:1974-1981

22.	 Feltes TF, Cabalka AK, Meissner HC, Piazza FM, Carlin 
DA, Top FH Jr, et al. Palivizumab prophylaxis reduces 
hospitalization due to respiratory syncytial virus in young 
children with hemodynamically significant congenital heart 
disease. J Pediatr. 2003;143:532-540.

23.	 Saji T, Nakazawa M, Harada K. Safety and efficacy of 
palivizumab prophylaxis in children with congenital heart 
disease. Pediatr Int. 2005;47:397-403.

24.	 Lantin-Hermoso MR, Berger S, Bhatt AB, Richerson JE, 
Morrow R, Freed MD, et al. The Care of Children With 
Congenital Heart Disease in Their Primary Medical Home. 
Pediatrics. 2017;140:e20172607.

25.	 NHS UK. MMR (measles, mumps and rubella) vaccine. 
2019. Available from: https://www.nhs.uk/conditions/
vaccinations/mmr-vaccine/

26.	 Akbik M, Naddeh D, Ashour AA, Ashour A. Severe Immune 
Thrombocytopenia Following MMR Vaccination with Rapid 
Recovery: A Case Report and Review of Literature. Int Med 
Case Rep J. 2020;13:697-699.

27.	 Ministere du Travail, de la, Santé, des Solidarites et  de la, 
Familles. Le calendrier des vaccinations.[French] Available 
from: https://sante.gouv.fr/prevention-en-sante/preserver-sa-
sante/vaccination/calendrier-vaccinal

28.	 McDonald-McGinn DM, Sullivan KE, Marino B, Philip N, 
Swillen A, Vorstman JA, et al. 22q11.2 deletion syndrome. 
Nat Rev Dis Primers. 2015;1:15071.

29.	 Unolt M, Versacci P, Anaclerio S, Lambiase C, Calcagni G, 
Trezzi M, et al. Congenital heart diseases and cardiovascular 
abnormalities in 22q11.2 deletion syndrome: From well-
established knowledge to new frontiers. Am J Med Genet A. 
2018;176:2087-2098.

30.	 McDonald-McGinn DM, Sullivan KE. Chromosome 22q11.2 
deletion syndrome (DiGeorge syndrome/velocardiofacial 
syndrome). Medicine (Baltimore). 2011;90:1-18. 

31.	 Berkhout A, Preece K, Varghese V, Prasad V, Heussler H, 
Clark J, et al. Optimising immunisation in children with 
22q11 microdeletion. Ther Adv Vaccines Immunother. 
2020;8:2515135520957139.

32.	 Lackey AE, Muzio MR. DiGeorge Syndrome. 2023 Aug 8. 
In: StatPearls. Treasure Island (FL): StatPearls Publishing; 
2025. 

33.	 Agarwal R, Varghese R, Jesudian V, Moses J. The 
heterotaxy syndrome: associated congenital heart defects 
and management. Indian J Thorac Cardiovasc Surg. 
2021;37(Suppl 1):67-81.

34.	 Kim SJ. Heterotaxy syndrome. Korean Circ J. 2011;41:227-
232.

35.	 Melles DC, De Marie S. Asplenia. In: Lang F, editor. 
Encyclopedia of Molecular Mechanisms of Disease . Berlin, 
Heidelberg: Springer; 2009. pp. 162–163. Available from: 
https://doi.org/10.1007/978-3-540-29676-8_156

36.	 Lenti MV, Luu S, Carsetti R, Osier F, Ogwang R, Nnodu 
OE, et al. Asplenia and spleen hypofunction. Nat Rev Dis 
Primers. 2022;8:71.

37.	 Boucher AA, Heneghan JA, Jang S, Spillane KA, Abarbanell 
AM, Steiner ME, et al. A Narrative Review of Postoperative 
Anticoagulation Therapy for Congenital Cardiac Disease. 
Front Surg. 2022;9:907782.

38.	 Maheady DC. Reye’s syndrome: review and update. J Pediatr 
Health Care. 1989;3:246-250.

39.	 Centers for Disease Control and Prevention. Varicella 
Vaccine Recommendations. Available from: https://www.
cdc.gov/vaccines/vpd/varicella/hcp/recommendations.html

40.	 Chapman J, Arnold JK. Reye Syndrome. 2023 Jul 4. In: 
StatPearls. Treasure Island (FL): StatPearls Publishing; 
2025.

41.	 Centers for Disease Control and Prevention.. Who Should 
and Who Should NOT Get Vaccinated,2023. Available from: 
https://t.cdc.gov/2S49

42.	 Caldeira D, Rodrigues BS, Alves M, Pinto FJ, Ferreira JJ. 
Low risk of haematomas with intramuscular vaccines in 
anticoagulated patients: a systematic review with meta-
analysis. Thromb J. 2022;20:9.

43.	 Specialist Pharmacy Service  Using intramuscular injections 
in people on oral anticoagulants,2023. Available from: 
https://www.sps.nhs.uk/articles/using-intramuscular-
injections-in-people-on-oral-anticoagulants/

44.	 Canada PHA. Blood products, human immunoglobulin 
and timing of immunization: Canadian Immunization 
Guide  2007. Available from: https://www.canada.ca/en/
public-health/services/publications/healthy-living/canadian-
immunization-guide-part-1-key-immunization-information/
page-11-blood-products-human-immune-globulin-timing-
immunization.html

45.	 Elizabeth Wilson, Kirsten Finucane, Marion Hamer, Heather 
SpinettoElizabeth Wilson. Formsite. 2024 [cited 2024 Mar 
19]. Starship Immunisations and Cardiac Infants. Available 
from: https://starship.org.nz/guidelines/immunisations-and-
cardiac-infants/


