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ABSTRACT

Objectives: The study was designed to ascertain the incidence of neurological complications in children following cardiac surgery for congenital heart 
defects (CHD).

Methods: An extensive search was conducted using Medical Subject Headings in the Cochrane Controlled Trials databases, PubMed, and Embase in 
July 2023. Data extraction was done using a customized data extraction sheet, adhering to Cochrane’s standard methodological procedures. As the 
heterogeneity was high among the included studies, random-effect models were employed during the meta-analysis.

Results: Seventeen articles were included in our analysis, encompassing a total sample size of 23,930 pediatric patients who underwent congenital 
cardiac surgeries. The calculated incidence of neurological complications following these procedures was found to be 0.21 (95% confidence interval: 
0.14–0.28). A random-effects model employing the DerSimonian-Laird estimator was utilized for the meta-analysis. The assessment of heterogeneity 
revealed Tau of 0.134, an I2 value of 99.63%, and an H2 value of 267.078, indicating heterogeneity (p<0.001).

Conclusion: The study highlights the substantial incidence of neurological complications following congenital cardiac surgery, with infants <1 year 
old being at a higher risk.
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INTRODUCTION

Congenital heart defects (CHDs) encompass a diverse array of structural 
abnormalities affecting the heart and great vessels that are present 
at birth. Over time, advancements in diagnostic methods and medical 
interventions have significantly improved the prognosis for newborns 
with CHDs. Surgical interventions have become the gold standard for 
treating complicated cases, ranging from palliative measures to full 
repair. These transformative procedures have revolutionized pediatric 
cardiology and led to numerous lives being saved. However, concern has 
arisen among physicians and researchers due to the emergence of post-
operative neurological problems [1]. The complexity of congenital cardiac 
surgery exposes patients to a wide range of risk factors, stemming from 
intricate anatomical linkages and physiological processes. This increases 
the likelihood of neurological consequences, such as hemodynamic 
instability, embolic events, cerebral hypoperfusion, and inflammatory 
reactions [2]. Thus, to enhance patient outcomes and refine surgical 
procedures, a comprehensive investigation of the incidence, types, and 
associated risk factors of these complications is imperative [3]. Recent 
studies have shown that neonates undergoing open-heart surgery 
displayed poorer motor functions compared to the general population, 
despite having normal cognitive function. This suggests that even children 
without apparent brain injury may experience neurodevelopmental 
abnormalities later in infancy [4,5]. The most common symptom 
observed was seizures. Although these post-operative seizures are often 
considered benign and attributed to post-perfusion syndrome, they 
have been linked to the subsequent development of severe cognitive 
sequelae [2]. However, previous research on the possibility of neurological 
problems after congenital heart surgery has yielded inconsistent findings 
and suffered from limited sample sizes. Therefore, drawing definitive 
conclusions from individual studies remain challenging. Similarly, the 
mortality associated with pediatric congenital cardiac surgery has been 

a critical concern for both clinicians and researchers. Despite significant 
advancements in surgical techniques, perioperative care, and post-
operative management, adverse outcomes, including mortality, continue 
to pose challenges in this field. While numerous studies have investigated 
the mortality rates following congenital cardiac surgery, the findings have 
shown considerable variability, and limited sample sizes have hindered 
the ability to draw definitive conclusions.

To address this issue, a meta-analysis serves as a robust method to 
amalgamate data from various studies, allowing for a more accurate and 
reliable evaluation of the prevalence and consequences of neurological 
problems. By combining data from multiple patient cohorts, a meta-
analysis can discern patterns and trends that might be overlooked in 
smaller studies, offering a more comprehensive understanding of this 
critical subject.

The objective of this meta-analysis is to furnish a thorough synthesis 
of available data on neurological side effects following congenital heart 
surgery. The secondary objective is to determine the mortality rate in 
these cases. By identifying the incidence, types, and potential risk factors 
associated with these complications, we aim to facilitate informed 
decision-making, enhance patient care, and lay the groundwork for 
future research in this crucial domain. Ultimately, the findings of this 
research are anticipated to provide valuable inputs in the improvement 
of long-term neurodevelopmental outcomes and the overall quality of 
life in children undergoing surgeries for CHD.

METHODS

Literature search
The search strategy employed in this study involved the use of Medical 
Subject Headings terms, specifically “Heart Defects, Congenital,” 
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“Surgical Procedures, Operative,” and “Neurological complications,” 
to comprehensively explore relevant literature in the Cochrane 
Controlled Trials databases, PubMed, and Embase in July 2023. 
Data extraction was done using a customized data extraction 
sheet, adhering to Cochrane’s standard methodological, preferred 
reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines [6] were adhered to during the search process. There 
were no restrictions for the publication years, and this allowed 
maximum studies to be included thereby maximizing the scope of 
data collection for this meta-analysis. By meticulously implementing 
these search parameters, we sought to obtain a comprehensive 
and representative collection of studies pertaining to neurological 
problems following congenital heart surgery for a robust analysis 
and synthesis of relevant findings.

Selection of studies
To ensure the reliability and credibility of the literature selection 
process, a pre-screening, or pilot literature review, was meticulously 
conducted. This pre-screening was performed by two independent 
researchers, and discrepancies were settled by a third reviewer. Each 
study’s title and abstract were thoroughly examined to ascertain its 
relevance to the research objectives. From the identified papers, full 
text was obtained and scrutinized to extract the relevant outcome 
estimates reported in each study. By adopting this rigorous approach, 
we aimed to maintain a high standard of methodological integrity and 
accuracy throughout the data collection process, thus establishing a 
solid foundation for the subsequent analysis and synthesis of findings.

Data extraction
Data collection was performed by two independent researchers to 
ensure the rigor and accuracy of information retrieval. In addition to 
data on neurological problems following congenital cardiac surgery, 
we also extracted pertinent details such as the publication year, first 
author, country of origin, sample size; mean age at the time of surgery 
employed in each study.

Assessment of risk of bias
We employed “The Cochrane Collaboration’s tool for assessing risk 
of bias.” Utilizing “risk of bias” tables, we systematically evaluated 
potential sources of bias in each study, including concerns related 
to participant selection, incomplete data, selective reporting of 
outcomes [7]. By employing this standardized approach, we aimed to 
comprehensively evaluate the methodological quality and potential 
biases of each included study, thus ensuring the reliability and validity 
of the synthesized findings in our meta-analysis.

Statistical analysis
For the present investigation, data analyses were conducted by Review 
Manager Version 5.4 and Jamovi Version 2.4.2. A p<0.05 was considered 
statistically significant. To assess the heterogeneity among the studies’ 
effect estimates, we employed I2 statistics. As the heterogeneity was 
high among the included studies, random-effect models were employed 
during the meta-analysis.

Subgroup analysis was conducted separately for infants and children 
older than 1 year of age. Funnel plots were utilized to investigate the 
possibility of bias in publication. In addition, we meticulously assessed 
the bias risk in each study, adhering to the Cochrane Collaboration’s 
guidelines [8]. By applying these rigorous analytical and assessment 
methodologies, we sought to uphold the scientific integrity and 
robustness of our meta-analysis, ensuring reliable and meaningful 
conclusions from the findings.

RESULTS

Study and patient characteristics
We began by identifying 648 studies. Following an assessment of the 
titles and abstracts, 36 papers were chosen for further consideration. 
Following that, 19 studies were eliminated, including 9  cases with 
unreported data, 7 cases failed to meet the laid down inclusion criteria, 

and 1  case in a language other than English. Finally, we considered 
seventeen studies [4,9-24]. A thorough search of the references of the 
included studies yielded no new articles. The process of study selection 
is illustrated in the PRISMA study selection diagram (Fig. 1).

Salient features of the included studies
Our investigation comprised a total of seventeen articles (Table  1). 
The publishing year spanned from 1995 to 2023, a pretty long period 
of time. Six of the 17 investigations were prospective, while the other 
eleven were retrospective. The research featured spanned a large 
geographical range ranging from North America to Asia, including 
Africa. The average age of children at the time of operation was present 
in 16 studies out of 17 studies taken for meta-analysis.

Primary outcome-neurological complications
The total sample size in all the 17 included studies was 23930. The 
incidence (95% confidence interval [CI]) of neurological complications 
following pediatric congenital cardiac surgeries was found to be 
0.21  (0.14–0.28). Random-effects model using DerSimonian-Liard 
estimator was used. The heterogeneity tests showed Tau 0.134, I2 at 
99.63%, and H2 at 267.078 with a significant p<0.001 as illustrated in 
the forest plot in Fig. 2.

Fig. 1: Preferred reporting items for systematic reviews and meta-
analysis study selection diagram
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Subgroup analysis of primary outcome
The incidence or occurrence of neurological complications was analyzed 
for two separate age groups: Below 1  year and above 1  year; the 
incidence (95% CI) of neurological complications following pediatric 
congenital cardiac surgeries in the <1  year age group was found to 
be 0.32  (0.25–0.39). Random-effects model using DerSimonian-Liard 
estimator was used. The heterogeneity tests showed Tau at 0.085, I2 at 
90.22%, and H2 at 10.221 with a significant p<0.001 as illustrated in 
Fig. 3.

The incidence (95% CI) of neurological complications following 
pediatric congenital cardiac surgeries at the more than 1-year age 
group was found to be 0.11 (0.08–0.14). Random-effects model using 
DerSimonian-Liard estimator was used. The heterogeneity tests 
showed Tau at 0.041, I2 at 96.54%, and H2 at 28.902 with a significant 
p<0.001 as illustrated in Fig. 4.

The incidence of neurological complications was found to be higher 
in infants when compared to children above 1  year of age following 
corrective surgeries for congenital cardiac disease. Therefore, age was 
found to be a significant factor in the development of neurological 
complications following pediatric congenital cardiac surgeries.

Secondary outcome
The mortality data were reported in 10 studies (Table 1). The mortality 
rate (95% CI) following pediatric congenital cardiac surgeries was found 
to be 0.13 (0.08–0.19). Random-effects model using DerSimonian-Liard 
estimator was used. The heterogeneity tests showed Tau at 0.085, I2 at 
99.70%, and H2 at 333.482 with a significant p<0.001 as illustrated in 
Fig. 5.

Sensitivity analysis
Meta-analysis was conducted separately after including and excluding 
each individual study. This was done to determine if there are any changes 
in the incidence of neurological complications following heart surgery. 
The results did not change after performing this sensitivity analysis.

Publication bias
The tests for publication bias were done using Egger’s test and Funnel 
plots. There was no evidence of publication bias as the plots were 
symmetrical. The data are illustrated in Fig. 6.

Risk of bias
Almost all the studies taken up for this meta-analysis were considered 
to have a moderate to low risk of bias which is illustrated in Fig. 7.

Table 1: Salient features of the included studies

Author, year City, Country Design of the 
study

Sample 
size

Mean age at 
operation

Mortality Incidence of 
neurological 
complications

Fallon et al., 1995 [9] London, UK Retrospective 523 35 months 7.1 5.93
Limperopoulos et al., 2002 [10] Calgary, Canada Prospective 131 19 months NA 41
Trittenwein et al., 2003 [11] Vienna, Austria Retrospective 534 16 months NA 6.26
Galli et al., 2004 [12] Philadelphia, USA Prospective 105 6 days NA 54
Majnemer et al., 2004 [13] Toronto, Canada Retrospective 94 64 months NA 28.4
Kansy et al., 2010 [14] Warsaw, Poland Retrospective 14843 11.8 days 10.7 29.2
Meyer et al., 2012 [15] Saarland, Germany Prospective 313 54.2 months NA 2.5
Agarwal et al., 2014 [16] Nashville, USA Retrospective 3253 6 months 7.5 37
Jordan et al., 2015 [7] North America Prospective 204 18.6 months 25 29
Jafri et al., 2017 [4] Karachi, Pakistan Retrospective 2000 19.5 months 0.004 1.75
Bar‑Yosef et al., 2018 [18] Tel Aviv, Israel Retrospective 75 3 months NA 26.67
Chung et al., 2019 [19] Ohio, USA Prospective 672 NA 7 26
Arslanoğlu et al., 2021 [20] Istanbul, Turkey Retrospective 3849 60.59 months 33.33 4.2
Agha et al., 2022 [21] San Donato, Italy Retrospective 63 12 months 19.05 31.7
Abdshah et al., 2022 [22] Tehran, Iran Prospective 267 32 months NA 5.22
Rohde et al., 2022 [23] Europe Retrospective 230 24 months 24.5 20
Walaa et al., 2023 [24] Cairo, Egypt Prospective 105 9 months 14 15.2
NA: Not available

Fig. 2: Forest plot showing the incidence of neurological complications following pediatric congenital cardiac surgery
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DISCUSSION

In the past few decades, significant progress made in pediatric cardiac 
surgery has led to enhanced survival rates for children born with 
congenital heart abnormalities. Despite these notable achievements, post-
operative neurological complications continue to be a major concern. This 
meta-analysis was designed to conduct a comprehensive investigation 
into the prevalence of neurological problems following congenital heart 
surgery and to explore potential age-related differences in this occurrence.

Through the meticulous analysis of data from 17 studies encompassing 
a substantial number of individuals, valuable insights were obtained 
regarding the overall prevalence of neurological problems. The results 
revealed an alarming, pooled incidence of 21.41% of infants developing 
neurological issues after undergoing congenital heart surgery. This high 

rate underscores the critical importance of continuous monitoring and 
proactive management of neurological consequences in this vulnerable 
patient population. As we endeavor to further enhance patient care and 
improve long-term outcomes, these findings serve as a compelling call 
to address and mitigate this gap.

A noteworthy finding from our comprehensive meta-analysis is the 
presence of age-related variations. Infants exhibited a significantly 
higher incidence of 32.29% compared to those above 1  year, who 
showed an incidence of 14.42%. These findings give rise to serious 
considerations regarding the potential impact of age-related factors on 
neurological susceptibility and recovery in this context [25].

Numerous variables could contribute to the increased frequency of 
neurological problems observed in infants under 1 year old [26]. First, 

Fig. 3: Forest plots showing the incidence of neurological complications following pediatric congenital cardiac surgery <1 year of age

Fig. 4: Forest plots showing the incidence of neurological complications following pediatric congenital cardiac surgery - More 
than 1 year of age

Fig. 5: Forest plot showing the mortality rate following pediatric congenital cardiac surgery
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the developing brains of infants are more vulnerable to the physiological 
stress imposed by cardiac surgery and cardiopulmonary bypass, 
leading to an elevated risk of cerebral hypoperfusion and ischemia [27]. 
Second, younger children often present with more complex and severe 
congenital cardiac abnormalities, necessitating lengthier and more 
invasive surgical procedures that may heighten the risk of neurological 
complications [28]. Finally, the immature blood–brain barrier in 
infants may render the brain more susceptible to the inflammatory 
and oxidative stress induced by the surgical process [29]. These factors 
collectively underscore the importance of age-specific considerations 
in the assessment and management of neurological outcomes. Further 
research and tailored interventions are essential to mitigate the impact 
of age-related variables and improve the overall neurodevelopmental 
outcomes in this vulnerable population.

The observed lower frequency of neurological problems in children 
over 1 year of age can likely be due to their more developed and resilient 
neurological systems, which may better withstand the challenges posed 
by heart surgery. In addition, older children may present with less 
complex cardiac defects, leading to less invasive surgical interventions 
and subsequently reducing the risk of neurological sequelae [28,29].

Nevertheless, it is essential to underscore that despite the apparent 
age-related disparities in the prevalence of neurological problems, the 
influence of other confounding variables should not be underestimated. 
Factors such as the type and complexity of congenital cardiac 
abnormalities, the expertise and skill of the surgical team, and the 
overall health status of the patients may all play significant roles in 
shaping the occurrence of neurological complications [30].

While age-related variations provide valuable insights into the 
neurological outcomes following pediatric congenital cardiac surgery, 
it is evident that a multifactorial approach is necessary to fully 
comprehend the intricate interplay of factors affecting the occurrence 
of these complications. Future studies with larger and more diverse 
cohorts, as well as meticulous data collection and analysis, are 
warranted to gain a deeper understanding of the complex relationships 
between age, other confounding variables, and the neurological 
outcomes in this patient population. Such investigations are essential 

for refining clinical practices, optimizing patient care, and advancing 
long-term outcomes.

In this meta-analysis, we carefully synthesized data from 10 extracted 
studies to evaluate the pooled incidence of mortality resulting 
from pediatric congenital cardiac surgery. The analysis revealed a 
pooled incidence rate of 0.13, indicating that approximately 13 out 
of 100 children undergoing surgeries experienced mortality. While 
the advancements in pediatric cardiac surgery have undeniably 
improved outcomes and survival rates, this finding emphasizes the 
ongoing significance of mortality as a crucial concern in this patient 
population. Understanding these factors contributing to this mortality 
rate will ultimately improve patient safety and long-term prognosis. 
Furthermore, these findings underscore the need for continuous efforts 
in research and quality improvement initiatives to optimize the overall 
success and safety of pediatric congenital cardiac surgeries.

To elucidate the underlying mechanisms of neurological problems 
in this specific patient population, forthcoming research endeavors 
should prioritize large-scale, prospective, and multi-center studies 
employing standardized methodologies. The evaluation of long-term 
neurodevelopmental outcomes will be instrumental in discerning the 
enduring effects of these issues on the cognitive and functional capacities 
of affected children. To advance our understanding and optimize patient 
care, collaborative efforts involving multidisciplinary teams comprising 
cardiac surgeons, neurologists, and pediatricians are essential. By 
synergizing expertise from diverse fields, we can collectively strive to 
enhance the overall quality of treatment and outcomes for children 
undergoing congenital heart surgery. Rigorous scientific inquiry, in 
conjunction with comprehensive and integrated approaches, will pave the 
way for substantial advancements in managing neurological complications 
and improving the long-term well-being of these young patients.

Limitations
This study, like many meta-analyses of observational studies, inherently 
possesses certain limitations, primarily stemming from potential 
methodological heterogeneity among the included studies. Variability 
in the number of patients across studies, with a concentration of 
participants in two specific studies, further adds to the complexities. In 
addition, patient management strategies in the included studies were 
dictated by individual center protocols, leading to diverse approaches 
and indications.

Despite these limitations, our meta-analysis contributes valuable data to 
aid physicians, academics, and policymakers in gaining deeper insights 
into the landscape of neurological problems following congenital heart 
surgery. The notably high overall frequency of neurological problems 
underscores the importance of augmenting post-operative neurological 
surveillance and developing targeted preventive interventions. By 
leveraging these findings and addressing these areas of concern, we 
can work toward enhancing patient care and ultimately improving 
neurodevelopmental outcomes in children.

CONCLUSION

The study highlights the significant occurrence of neurological problems 
following pediatric congenital heart surgery, with children under the 
age of 1 year being at a greater risk. This highlights the importance of 
extensive pre-operative screening, diligent neurological monitoring, 
and tailored therapies to reduce the impact of these problems on these 
susceptible individuals’ long-term neurodevelopmental outcomes.
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KEY POINTS

●	 Question: What is the incidence of neurological complications in 
pediatric congenital cardiac surgery for CHD?

●	 Findings: Neurological complications occurred in 0.21  (95% 
CI: 0.14–0.28) of pediatric patients after congenital cardiac surgery.

●	 Meaning: Highlighting the imperative, advanced neuromonitoring, 
timely interventions, and vigilant post-operative surveillance stand 
as crucial measures for averting the occurrence of neurological 
complications.

REFERENCES

1.	 Domi T, Edgell DS, McCrindle BW, Williams WG, Chan AK, 
MacGregor DL, et al. Frequency, predictors, and neurologic outcomes 
of vaso-occlusive strokes associated with cardiac surgery in children. 
Pediatrics 2008;122:1292-8. doi:10.1542/peds.2007-1459

2.	 Gunn JK, Beca J, Hunt RW, Goldsworthy M, Brizard CP, Finucane K, 
et al. Perioperative risk factors for impaired neurodevelopment after 
cardiac surgery in early infancy. Arch Dis Child 2016;101:1010-6. 
doi:10.1136/archdischild-2015-309449

3.	 Avila-Alvarez A, Gonzalez-Rivera I, Ferrer-Barba A, Portela-Torron F, 
Gonzalez-Garcia E, Fernandez-Trisac JL, et al. Complicaciones 
neurológicas en el postoperatorio inmediato de cirugía cardiaca: 
Todavía un largo camino por recorrer. An Pediatr 2012;76:192-8. 
doi:10.1016/j.anpedi.2011.07.018

4.	 Jafri SK, Ehsan L, Abbas Q, Ali F, Chand P, Ul Haque A. Frequency 
and outcome of acute neurologic complications after congenital heart 
disease surgery. J Pediatr Neurosci 2017;12:328-31. doi:10.4103/JPN.
JPN_87_17

5.	 Menache CC, Du Plessis AJ, Wessel DL, Jonas RA, Newburger JW. 
Current incidence of acute neurologic complications after open-heart 
operations in children. Ann Thorac Surg 2002;73:1752-8. doi:10.1016/
S0003-4975(02)03534-8

6.	 Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JP, 
et al. The PRISMA statement for reporting systematic reviews and meta-
analyses of studies that evaluate health care interventions: Explanation 
and elaboration. J  Clin Epidemiol 2009;62:e1-34. doi:10.1016/j.
jclinepi.2009.06.006

7.	 Higgins JP, Green S, Cochrane Collaboration, editors. Cochrane 
Handbook for Systematic Reviews of Interventions. United States: 
Wiley-Blackwell; 2008.

8.	 Bandeira-Echtler E, Bergerhoff K, Richter B. Levothyroxine or 
minimally invasive therapies for benign thyroid nodules. Cochrane 
Database Syst Rev 2014;2014:CD004098. doi:10.1002/14651858.
CD004098.pub2

9.	 Fallon P, Aparicio JM, Elliott MJ, Kirkham FJ. Incidence of neurological 
complications of surgery for congenital heart disease. Arch Dis Child 
1995;72:418-22. doi:10.1136/adc.72.5.418

10.	 Limperopoulos C, Majnemer A, Shevell MI, Rohlicek C, Rosenblatt B, 
Tchervenkov C, et al. Predictors of developmental disabilities after 
open heart surgery in young children with congenital heart defects. 
J Pediatr 2002;141:51-8. doi:10.1067/mpd.2002.125227

11.	 Trittenwein G, Nardi A, Pansi H, Golej J, Burda G, Hermon M, et al. 
Early postoperative prediction of cerebral damage after pediatric 
cardiac surgery. Ann Thorac Surg 2003;76:576-80. doi:10.1016/S0003-
4975(03)00468-5

12.	 Galli KK, Zimmerman RA, Jarvik GP, Wernovsky G, Kuypers MK, 
Clancy RR, et al. Periventricular leukomalacia is common after 
neonatal cardiac surgery. J Thorac Cardiovasc Surg 2004;127:692-704. 
doi:10.1016/j.jtcvs.2003.09.053

13.	 Majnemer A, Limperopoulos C, Shevell M, Rosenblatt B, Rohlicek C, 
Tchervenkov C. Long-term neuromotor outcome at school entry of 
infants with congenital heart defects requiring open-heart surgery. 
J Pediatr 2006;148:72-7. doi:10.1016/j.jpeds.2005.08.036

14.	 Kansy A, Tobota Z, Maruszewski P, Maruszewski B. Analysis of 
14,843 neonatal congenital heart surgical procedures in the European 
association for cardiothoracic surgery congenital database. Ann Thorac 
Surg 2010;89:1255-9. doi:10.1016/j.athoracsur.2010.01.003

15.	 Meyer S, Poryo M, Shatat M, Gortner L, Abdul-Khaliq H. The role of 
EEG recordings in children undergoing cardiac surgery for congenital 
heart disease. Wien Med Wochenschr 2017;167:251-5. doi:10.1007/
s10354-017-0576-0

16.	 Agarwal HS, Wolfram KB, Saville BR, Donahue BS, Bichell DP. 
Postoperative complications and association with outcomes in pediatric 
cardiac surgery. J  Thorac Cardiovasc Surg 2014;148:609-16.e1. 
doi:10.1016/j.jtcvs.2013.10.031

17.	 Jordan LC, Ichord RN, Reinhartz O, Humpl T, Pruthi S, Tjossem C, 
et  al. Neurological complications and outcomes in the berlin heart 
excor ® pediatric investigational device exemption trial. J Am Heart 
Assoc 2015;4:e001429. doi:10.1161/JAHA.114.001429

18.	 Bar-Yosef O, Greidinger D, Iskilova M, Hemi R, Tirosh T, Vardi A. 
Neurological deficit is predicted by S100B in children after 
cardiac surgery. Clin Chim Acta 2018;481:56-60. doi:10.1016/j.
cca.2018.02.032

19.	 Chung MG, Guilliams KP, Wilson JL, Beslow LA, Dowling MM, 
Friedman NR, et al. Arterial ischemic stroke secondary to cardiac 
disease in neonates and children. Pediatr Neurol 2019;100:35-41. 
doi:10.1016/j.pediatrneurol.2019.06.008

20.	 Arslanoğlu E, Kara KA, Yiğit F, Arkan C, Uslu U, Şavluk OF, et al. 
Neurological complications after pediatric cardiac surgery. Cardiothorac 
Surg 2021;29:19. doi:10.1186/s43057-021-00056-1

21.	 Agha HM, Fathalla A, Isgro G, Cotza M. Predictors of neurological 
complications of pediatric post-cardiotomy extracorporeal life support. 
J Saudi Heart Assoc 2023;34:249-56. doi:10.37616/2212-5043.1324

22.	 Abdshah A, Mirzaaghayan M, Heidari M, Memarian S, Amanollahi M, 
Nazeri A, et al. Incidence of neurological complications following 
pediatric heart surgery and its association with neutrophil‐to‐lymphocyte 
ratio. Health Sci Rep 2023;6:e1077. doi:10.1002/hsr2.1077

23.	 Rohde S, Sandica E, Veen K, Miera O, Amodeo A, Napoleone CP, et al. 
Cerebrovascular accidents in paediatric patients supported by the Berlin 
Heart EXCOR. Eur J Cardiothorac Surg 2022;62:ezac381. doi:10.1093/
ejcts/ezac381

24.	 Walaa E, Imane Y, Mohamed A, Ahmed A, Aya F, Aly E. Short term 
neurological complications after surgical correction in children 
with congenital heart disease: A  single center study. Pediatr Sci J 
2023;3:1-10. doi:10.21608/cupsj.2022.140797.1053

25.	 Martinez-Biarge M, Jowett VC, Cowan FM, Wusthoff CJ. 
Neurodevelopmental outcome in children with congenital heart 
disease. Semin Fetal Neonatal Med 2013;18:279-85. doi:10.1016/j.
siny.2013.04.006

26.	 Chaoui R, Gardiner H. Perinatal cardiology 2013. Semin Fetal Neonatal 
Med 2013;18:235-6. doi:10.1016/j.siny.2013.05.010

27.	 Massaro AN, El-Dib M, Glass P, Aly H. Factors associated with adverse 
neurodevelopmental outcomes in infants with congenital heart disease. 
Brain Dev 2008;30:437-46. doi:10.1016/j.braindev.2007.12.013

28.	 McQuillen PS, Miller SP. Congenital heart disease and brain 
development: Congenital heart disease and brain development. Ann N 
Y Acad Sci 2010;1184:68-86. doi:10.1111/j.1749-6632.2009.05116.x

29.	 Donofrio MT, Duplessis AJ, Limperopoulos C. Impact of congenital 
heart disease on fetal brain development and injury. Curr Opin Pediatr 
2011;23:502-11. doi:10.1097/MOP.0b013e32834aa583

30.	 Owen M, Shevell M, Majnemer A, Limperopoulos C. Abnormal brain 
structure and function in newborns with complex congenital heart 
defects before open heart surgery: A  review of the evidence. J Child 
Neurol 2011;26:743-55. doi:10.1177/0883073811402073


