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Abstract: Background: The World Health Organization (WHO) defines infant mortality as the death
of a child before reaching one year of age. The infant mortality rate (IMR) specifically refers to the
number of infant deaths per 1,000 live births within a given year. Congenital anomalies contribute
significantly to health service expenditure worldwide although the costs may vary across low-
middle-income and high-income countries. Methods: A systematic methodology was developed and
published in PROSPERO as part of a wide-angled evidence synthesis comprising of multiple research
questions surrounding the prevalence of CA related mortality. The systematic review and meta-
analysis were conducted following a pooled dataset was finalised. Results: A total of 75 studies,
encompassing 21,878 patients, reported on infant mortality associated with congenital anomalies. The
pooled mortality rate was found to be 12% (95% CI: 10%-15%). High heterogeneity was observed,
with an I? value of 94% and a p-value <0.01. T wo studies, including 112 patients, reported mortality
rates among individuals with congenital aortic coarctation. The pooled mortality rate was 5% (95%
CI: 2%-10%). Statistical analysis showed very low heterogeneity, with I> = 0% and a p-value of 0.71.
Conclusion: Evidence-based approaches may support optimal ways to report infant mortality and
complications linked to congenital anomalies as well as causation-correlation links. Living-synthesis
of data could support improved clinical, scientific and patient-reported outcomes that is
representative of all ethnicities and races.

Keywords: mortality; children; congenital anomalies

Introduction

The World Health Organization (WHO) defines infant mortality as the death of a child before
reaching one year of age. The infant mortality rate (IMR) specifically refers to the number of infant
deaths per 1,000 live births within a given year. This metric is often used as a key indicator of the
overall health and socioeconomic conditions of a population, reflecting access to healthcare, maternal
health, and nutrition. Congenital anomalies contribute significantly to health service expenditure
worldwide, as they necessitate intensive medical care for affected infants and their mothers.
Additionally, the psychological impact on parents, who may experience the trauma of losing a child
at an early age, is profound [1]. There are a number of initiatives in health systems worldwide
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including the “Healthy People” programme in the United States, the National action plan for the
health of children and young people in Australia [2] and in the United Kingdom (UK) the Saving
babies lives programme committed to achieve a 50% reduction in stillbirths and maternal and
neonatal deaths by 2025 [3].

In the UK, infant mortality has improved since the 1980s with an equivalent to 3.7 deaths per
1,000 live births, however, the neonatal mortality rate (i.e. the death of an infant in the first 28 days)
has risen from 2.5 in 2014 to 2.8 per 1000 births in 2019. The predominant causes of infant mortality
are preterm birth complications, infections, birth asphyxia, and notably congenital anomalies [4].
These anomalies can arise from genetic causes such as chromosomal abnormalities and gene
mutations affecting organ development [1]. Environmental influences that encompass maternal
infections, nutritional deficiencies, such as folic acid, and exposure to harmful substances during
pregnancy such as alcohol, or drugs can be attributors to congenital anomalies..

Congenital anomalies impact infant and caregivers’ long-term health and well-being and health
service utilisation. Early detection and identification of the CA is important to allow for parents to
understand the consequences for their child (including whether or not they terminate the pregnancy),
and for clinicians to better support the child and mother [4,5]. The management of CA is of growing
importance to the NHS and health services globally where specific cost estimates linked to congenital
anomalies vary depending on the type and severity of the anomaly. For instance, in 2003, overall
newborn hospital costs in the United States were estimated at $10 billion, with congenital anomalies
accounting for a substantial portion of these expenses [6,7].

To support detection rates and help clinicians and families make appropriate and better-
informed decisions it's important to explore the relationship between specific CAs and resultant
infant mortality. The study we present here pooled the existing data on CAs and infant mortality,
consolidating the evidence to improve clinical practices, guide policy development, and enhance
public awareness, for the benefit of infants and their families.

Methods

An evidence synthesis was developed using a systematic review and meta-analysis. As per
PRISMA guidelines, good practice and for the purpose of transparency, the study protocol was
published in PROSPERO (CRD42024506465). The systematic review and meta-analysis is reported as
per the PRISMA guidelines. The primary aim is to report infant mortality linked to a variety of
congenital anomalies.

Search Strategy

Multiple electronic databases of PubMed, Science Direct and Web of Science were used to pool
peer reviewed and published studies reporting on infant mortality, associated risks and service
provision issues as well as impact. Broad key terms words of congenital anomalies, birth defects and
infant mortality. The studies were then screened by 2 researchers in the team based for study
eligibility. All studies were selected in the first instance using the Population/Participant,
Intervention(s), Comparison and Outcome (PICO) strategy. An independent reviewer screened the
studies included within the final sample size by reading the full text.

Eligibility Criteria and Study Selection

Randomised clinical trials and non-randomised clinical trials published in English between the
30th of April 1980 and 30th of December 2023 were included. All studies reporting on Anencephaly,
Craniorachischisis, Iniencephaly, Encephalocele, Spina bifida, Microcephaly, Microtia/ Anotia, Orofacial clefts,
Cleft lip only, Cleft lip and palate, Exomphalos, Gastroschisis, Hypospadias, Reduction defects of upper and
lower limbs, Talipes equinovarus/club foot, Congenital heart defects, Hypoplastic left heart syndrome, Common
truncus, Interrupted aortic arch, Transposition of great arteries, Tetralogy of Fallot, Pulmonary valve atresia,
Tricuspid valve atresia, Oesophageal atresia/tracheoesophageal fistula, Large intestinal atresia/stenosis,
Anorectal atresia/stenosis, Renal agenesis/hypoplasia, Absent nails, Accessory tragus, Anterior anus,
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Auricular tag or pit, Bifid uvula or cleft uoula, Lop ear, Natal teeth, Micrognathia, Cleft uvula, Plagiocephaly,
Branchial tag, Camptodactyly, Plagiocephaly, Polydactyl type B tag, Preauricular appendage, Cup ear, Cutis
aplasia, Rocker bottom feet, Single crease, Single transverse palmar , Single umbilical artery Small penis,
Syndactyly involving second and third toes, Umbilical hernia , Hydrocele, Facial asymmetry and Extra nipples
were included into the study.

Data Extraction

Data was collated using Endnote and Microsoft excel. The inclusion criteria were applied (as
described in CRD42024506465) to the gathered studies to finalise the sample dataset and the data
extraction process involved reading the study title, abstract and the full paper. Standard Mean
Difference (SMD), Standard Deviation (SD) and 95% Confidence Interval (CI) were extracted for
analysis in addition to demographics, study title, citation details, methods, limitations and findings
as well as other congenital anomaly variables. Differing opinions were discussed and addressed
between the lead authors.

Data Analysis

A meta-analysis was used to reported pooled p-values along with 95% confidence intervals
(CIs). Heterogeneity was assessed using funnel plots y? -test (P-value) and 2.

Risk of Bias Quality Assessment

All studies within the data sample were critically appraised using the predefined variables
followed by the assessment for methodological quality and risk of bias using the Newcastle-Ottawa-
Scale (NOS). The NOS scale is an 8-item instrument with 3 quality parameters of selection, outcome
and comparability where studies are rated as good, fair or poor on a scale of 0 to 3.

Publication Bias

Publication bias was assessed using an Eggers test in addition to the use of the Trim and Fill
(TAF) method. TAF reports publication bias within funnel plots to adjust for the overall effect
estimate.

Sensitivity Analysis
A sensitivity analysis was performed to better understand and report the heterogeneity of
studies reporting congenital anomalies.

Results

The initial data pool comprised of 138,265 publication. After removing duplicates, and including
relevant studies, a total of 88 studies were systematically included, as indicated in the PRISMA flow-
chart (Figure 1). The study characteristics are indicated in Table 1.
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Figure 1. flow diagram.
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Studies excluded based on the
eligibility criteria (n=138,085)

Studies excluded:
Duplicates (n=27)

Studies excluded:
protocols (n=07)
Full articles not available (11)

Studies excluded:
Can not extract infant mortality
(47)

The Prevalence of Infant Mortality Linked to Congenital Anomalies

A total of 75 studies with a sample size of 21878 patients reported the infants’ mortality of
congenital anomalies. The pooled mortality was 12% (95% CI 10%-15%). A high heterogeneity was

detected with I? = 94% and p-value < 0.01 (Figure 2).
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Study Events Total Proportion 95%-C| Weight
Tabbutt o1 al, 2012 63 S48 & 091 [0.09;014] 1.5%
Bucholz et af, 2020 184 525 = 035 [0.31,030) 1.5%
Hoffman ef al, 2003 2 138 0.01 [0.00;0.03] 1.0%
Wessel et al, 2013 15 806 0.13 [0.17; 0.15] 1.5%
Pourmoghadam et al, 2020 3 5 i 092 [003,031] 11%
Kulkami et al, 2018 18 33 — 0.55 [0.36,072] 1.4%
Newburger et al, 2019 190 549 = 0.35 [0.31; 038  15%
Cholette et al, 2015 5 T4 007 [0.02,0.15] 13%
Sahu et al, 2016 3 50 0.06 [0.01; 0.17] 1.1%
Ghanayem at al, 2012 40 428 = 000 [007;013] 1.5%
Riczi et al, 2012 4 63 - 008 [0.02; 0.15] 12%
Graham at al, 2018 67 178 = 038 [0.31,046] 15%
Crnota & al, 2013 8 19 F 0.03 [0.01; 0.07] 13%
Wang et al, 2018 T BT 0.04 [0.02; 0.08F 1.3%
Hormaza et al, 2018 W a3 = 0.08 [0.04; 0.10] 15%
Elamrausy et al, 2017 3 w0 = 003 [001,008] 1.1%
Kulyabin et al, 2020 5 a5 —— 011 [0.04;0.24] 1.2%
Elmidany et al, 2013 8§ 11 & Q.05 [0.02;0.11 1.3%
Sun et al, 2013 2 106 = 0.02 [0.00; 0.07] 1.0%
Newburger et al, 2014 177 549 = 0.32 [0.28:0.36] 1.5%
Clancy et al, 2000 52 M8 L 016 [012,021] 1.8%
Truong et al, 2016 46 229 - 020 [0.15:0.28] 1.5%
Lin et al, 2017 M 144 . 0.22 [0.15,029] 1.5%
Pedersen ot al, 2012 3 105 & 003 [0.01; 0.08] 11%
Meza et al, 2017 198 547 = 036 [0.32,040] 1.5%
Pasquali et al, 2012 88 548 = 0.18 [0.15,0.21 15%
Mariha et al. 2003 3 58 - 0.05 [0.01,014] 1.1%
Schindler et al, 2021 3 58 0.05 [0.01; 0.14] 1.1%
Ohye ot al, 2010 158 549 i 029 [0.25,033] 15%
Ohye et al 2012 184 549 = 030 [0.26;034]  1.5%
Hill et ad, 2013 2 549 002 [0.01,003] 14%
Kiluckow et al, 2016 v L - 0.18 [0.11; 0.28] 1.4%
Onan et al, 2016 ] a7 L 022 [0,09,042] 13%
Amaorim et al, 1966 45 218 - 021 [0.15,027] 1.5%
Goldman et al, 1985 T 13 = 0.54 [0.25; 081 1.2%
Sangiawesin et al, 2008 5 52 - 008 [0.03; 018 1.2%
Lago etal, 2014 2 Mms 002 [0.00; 0.06] 1.0%
Bassler et al, 2015 1M ese 015 [013;018] 1.5%
Bell et al, 1980 14 170 = 0.08 [0.05013] 14%
Graen ot al, 1683 a7 £ = 027 [0.18,037] 1.5%
Lee et al, 2010 T 68 & 0.10 [0,04; 0.20) 13%
Elhoff ot al, 2018 80 549 g 018 [0.13,020) 1.5%
Rozé et al, 2021 40 337 L .12 [0.08; 0,16 15%
Michel et al, 2018 23 M5 B 0.08 [0.04,008] 15%
Nathan et al, 2014 101 549 = 0.18 [0.15; 0.22] 1.5%
Cvermeire ol al, 2000 13 148 & 009 [0.05015] 1.4%
Hammarman et al, 1986 L 11 # 032 [017,051] 1.3%
Rich et al, 2012 Te2 4389 098 [047,0.18]  1.5%
Dash et o, 2015 L] mn — 0.21 [012,032] 14%
Bouazza et al, 2024 4 E3) # 0.13 [0.04,030] 1.2%
Balachandes et al, 2018 23 1o L 021 [0.14;0.30] 15%
Byaruhanga et al, 2014 17 1871 001 [0, 001 15%
Negi at al, 2018 2 58 = 0.04 [0.00;012] 1.0%
Modi et al, 2004 2 1MaE Q.02 [0.00;, 0.07] 1.0%
Soynov el al, 2017 2 54— 0.04 [000;013]  1.0%
Mark et al, 2012 2 78 & 003 [0,00; 0.09] 1.0%
Sosenko el al, 2012 10 105 8§ 0.10 [0.05,0.17] 14%
Schwartz et al, 2014 17 34 0.04 [0.03; 0.07] 1.4%
Ryerson et al, 2014 1 22 = 005 [0.00;023] O07%
Sarupria et al, 2013 2 115 & 007 [0.03;013] 13%
Buchhom et al, 2002 3 % —= 012 [0.02,030] 11%
Roze et al, 2004 1 - 0.28 [0.21; 0.37] 15%
Goldberg et al, 2007 L] LU 0.92 [0.05,021] 14%
Merritt et al, 1681 5 24 — 021 [0.07,042] 12%
Yaoh et al, 1084 (] 56 3 0.96 [008; 0.28] 14%
Krueger et al, 1886 ] kv i 010 [0.07,036] 1.3%
Peckham of al, 1984 a8 4 = 012 [0.08; 015 15%
Gersony et al, 1083 w a2 = 092 [0.00;0,15] 15%
Dong et al, 2012 4 meE 004 [0.01:011] 1.2%
Tammela at al, 1968 -] a1 — 0.15 [0.07,028] 1.4%
Pallock-BarZiv ¢t al, 2004 7 i3 +—i 027 [012,048] 13%
Rennie at al, 1586 13 50 i 026 [0.15040] 14%
Rennie et al, 1981 13 121 - 011 [D06; 01B] 1.4%
Gaortne ot al, 1991 7 (] = 025 [015036] 14%
Hundscheid et al, 2023 a4 273 L 018 [0.12,0.21 1.5%
Random effects model 21878 L ; ~ 0.12 [0.10; 0.15] 100.0%

Hatorcgenesy I = 4%, ' =0.9281, p < 0.01 i

Figure 2. Forest plot of meta-analysis on the mortality of congenital anomalies.

Infant Mortality Based on Congenital Anomaly

A variety of congenital anomalies were attributed to infant mortality and described below;

1. Congenital Aortic Coarctation

Two studies with a sample size of 112 patients reported the mortality of congenital aortic
coarctation patients. The pooled mortality of congenital aortic coarctation patients was 5% (95% CI
2%-10%). The I>= 0% and p-value= 0.71 showed there was minimal statistical heterogeneity (Figure
3).

Congenital Aortic Coarctation
Study Events Total Proportion 95%-Cl Weight

Martha et al, 2003 3 58
Soynov et al, 2017 2 54

0.05 [0.01:0.14] 59.6%
0.04 [0.00;0.13] 40.4%

Common effect model 112 i:f?— 0.05 [0.02; 0.10] 100.0%
Heterogeneity: I?= 0%, = 0,p=0M11 | T ' T '
0.02004006008 0.10.120.14

Figure 3. Forest plot of meta-analysis on the mortality of congenital aortic coarctation.


https://doi.org/10.20944/preprints202503.2180.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 31 March 2025

2. Low Cardiac Output Syndrome

Four studies with a sample size of 564 infants reported the mortality of low cardiac output
syndrome infants after cardiac surgery. The pooled mortality was 3% (95% CI 2%-5%). The I>= 49%
and p-value= 0.12 indicate minimal statistical heterogeneity (Figure 4).

Low Cardiac Output Syndrome

Study Events Total Proportion 95%-Cl Weight
Hoffman et al, 2003 2 238 +— 001 [0.00;003] 138%
Ricci etal, 2012 4 63 T + 0.06 [0.02,0.15] 26.0%
Wang et al, 2019 7 187 —/— 004 [0.02,008] 46.7%
Mark et al, 2012 2 76 —*—:— 003 [0.00;0.09] 135%
Common effect model 564 < 0.03 [0.02; 0.05] 100.0%

Heterogeneity: I = 49%, t° = 0.3009, p = 0.12 L L
002 006 0.10.12

Figure 4. Forest plot of meta-analysis on the mortality of Low cardiac output syndrome neonates after cardiac

surgery.

3. Pulmonary Artery Hypertension

Severe pulmonary hypertension is still a cause of morbidity and mortality in children after
cardiac operations. Two studies with a sample size of 40 infants reported the mortality of pulmonary
artery hypertension infants after cardiac surgery. The pooled mortality of pulmonary artery
hypertension infants was 36% (95% CI 12%-69%). The I>=74% and p-value= 0.05 indicated significant
statistical heterogeneity (Figure 5).

Pulmonary Artery Hypertension

Study Events Total Proportion 95%-Cl Weight
Onan et al, 2016 6 271—&—— 022 [0.09:042] 524%
Goldman et al, 1995 7 13 054 [025,081] 476%
Random effects model 40 — 0.36 [0.12; 0.69] 100.0%

Heterogeneity: /1° = 74%, 1° = 0.7278, p = 0.05 T T

01 0203 04 0506 07 08

Figure 5. Forest plot of meta-analysis on the mortality of pulmonary artery hypertension patients after cardiac

surgery.

4. Patent Ductus Arteriosus

PDA is a common cause of mortality and morbidity among very low birth weight infants.
Twenty two studies with a sample size of 2740 neonates reported the mortality of patent ductus
arteriosus infants. The pooled mortality of patent ductus arteriosus infants was 14% (95% CI 12%-
18%). The I>=74% and p-value< 0.01 indicated a significant statistical heterogeneity (Figure 6).
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Patent Ductus Arteriosus

Study Events Total Proportion 95%-Cl Weight
Linetal, 2017 31 144 i 022 [0.15,029] 58%
Schindler et al, 2021 3 58 =— 005 [001,014] 27%
Kluckow et al, 2016 17 92 —+ 018 [0.11,028] 52%
Sangtawesin et al, 2008 5 62 —%— 008 [0.03,018] 35%
Lago etal, 2014 2 111 %— 0.02 [0.00,006] 21%
Bell et al, 1980 14 170 -8 008 [0.05013] 51%
Lee et al, 2010 7 68 —8+— 0.10 [0.04,0.20] 4.0%
Rozé et al, 2021 40 337 - 012 [0.09,0.16] 6.1%
Overmeire et al, 2000 13 148 ¥ 009 [0.05,0.15] 50%
Hammerman et al, 1986 10 3 —_— 032 [0.17,051] 4.1%
Dash et al, 2015 16 77 - 021 [012,032] 51%
Bouazza et al, 2024 4 3N —8— 013 [0.04,030] 3.0%
Balachander et al, 2018 23 110 — 021 [0.14,030] 55%
Sosenko et al, 2012 10 105 —&— 0.10 [0.05,0.17] 46%
Roze et al, 2004 37 13 —— 028 [0.21,037] 59%
Merritt et al, 1981 5 24 —— 021 [007,042] 32%
Yeh et al, 1984 9 56 —— 016 [008,028] 43%
Krueger et al, 1986 6 32 —r & 0.19 [0.07,036] 3.6%
Peckham et al, 1984 49 421 5+ 0.12 [0.09,0.15] 6.2%
Gersony et al, 1983 49 421 - 0.12 [0.09,0.15] 62%
Tammela et al, 1999 9 61 — 015 [007,026] 43%
Rennie et al, 1986 13 50 026 [0.15,040) 47%
Random effects model 2740 = 0.14 [0.12; 0.18] 100.0%

Heterogeneity: 1° = 74%, 1" = 02272, p <001 ! T T T 1
01 02 03 04 05

Figure 6. Forest plot of meta-analysis on the mortality of Patent ductus arteriosus infants.

5. Respiratory Distress Syndrome

Two studies with 319 premature infants with severe respiratory distress syndrome reported the
mortality of respiratory distress syndrome infants. The pooled mortality was 23% (95% CI 19%-28%).
The I>= 41% and p-value= 0.19 showed minimal statistical heterogeneity (Figure 7).

Respiratory Distress Syndrome

Study Events Total Proportion 95%-Cl Weight
Amorim et al, 1999 45 218 —+=———— 021 [015,027)] 645%
Green et al, 1983 27 a9 i 027 [0.19,037] 355%

Common effect model M7 = 0.23 [0.19; 0.28] 100.0%
Heterogeneity: I = 41%, 1= 00274, p =019 [ T
02 025 03 035

Figure 7. Forest plot of meta-analysis on the mortality of respiratory distress syndrome infants.

6. Hypoplastic Left Heart Syndrome

Nineteen studies with 7483 newborn infants with hypoplastic left heart syndrome reported the
mortality of hypoplastic left heart syndrome infants. The pooled mortality of left heart syndrome
infants was 15% (95% CI 9%-22%). The I>= 97% and p-value< 0.01 in indicated significant statistical
heterogeneity (Figure 8).
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Hypoplastic Left Heart Syndrome

Study Events Total Proportion 95%-Cl Weight
Tabbutt et al, 2012 63 549 = 011 [0.09,0.14] 55%
Bucholz et al, 2020 184 525 . 3 035 [0.31;039] 56%
Kulkami et al, 2016 18 33 —— 055 [0.36,072] 51%
Newburger et al, 2019 190 549 = 035 [031,039] 56%
Ghanayem et al, 2012 40 426 = 0.09 [0.07,0.13] 55%
Cnota etal, 2013 6 193 & 0.03 [0.01,0.07] 49%
Hormaza et al, 2018 18 283 = 0.06 [0.04;010] 53%
MNewburger et al, 2014 177 549 . 032 [028,036] 56%
Truong et al, 2018 46 229 s = 020 [0.15,026] 55%
Meza et al, 2017 198 547 - 036 [0.32,040] 56%
Pasquali etal, 2012 98 546 — 018 [0.15021] 55%
Ohye et al, 2012 164 549 = 030 [0.26,034] 56%
Hill et al, 2013 9 549 002 [0.01,003] 51%
Elhoff et al, 2016 90 549 3 0.16 [0.13;020] 55%
Michel et al, 2018 23 385 B 006 [004,009] 54%
Nathan et al, 2014 101 549 . 0.18 [0.15,022] 5.5%
Schwartz et al, 2014 17 394 & 004 [0.03,007] 53%
Ryerson et al, 2014 1 25— 005 [0.00;023] 3.0%
Goldberg et al, 2007 9 7r 012 [0.05,021] 51%
Random effects model 7483 = 0.15 [0.09; 0.22] 100.0%
Heterogeneity: I = 97%, «* = 11772, p <001

0102 0304 0506 07

Figure 8. Forest plot of meta-analysis on the mortality of newborn infants with hypoplastic left heart syndrome.

7. Tetralogy of Fallot

Four studies with 369 infants with tetralogy of Fallot (TOP) reported the mortality of TOF
infants. The pooled mortality of TOF infants was 5% (95% CI 3%-8%). The I>= 6% and p-value= 0.36
showed minimal statistical heterogeneity (Figure 9).

Tetralogy of Fallot

Study Events Total Proportion 95%-Cl Weight
Sarupria et al, 2013 8 115 . 0.07 [0.03;0.13] 491%
Sunetal, 2013 2 106 —'—i— 0.02 [0.00;0.07] 129%
Negi et al, 2019 2 56 ’ 0.04 [0.00;0.12] 12.7%
Dong et al, 2012 4 92 0.04 [0.01;0.11] 252%

.

Common effect model 369 <f:3> 0.05 [0.03; 0.08] 100.0%
Heterogeneity: I° = 6%, ©°=0.0529,p=03 ' ' | 1 T 1
002004006008 0.1 0.12

Figure 9. Forest plot of meta-analysis on the mortality of infants with tetralogy of Fallot.

Discussion

Seven sub-meta-analyses were performed of which 5 studies reported the infant mortality
associated with six specific Congenital heart defects. Our results show a much higher mortality for
Pulmonary Artery Hypertension (36%) (95% CI 12%-69%) than Low Cardiac Output Syndrome (3%)
(95% CI 2%-5%). Of the other 4 Congenital Heart defects, Hypoplastic Left Heart Syndrome had the
highest mortality of 15% (95% CI 9%-22%) followed by Congenital Aortic Coarctation at 5% (95% CI
2%-10%), Patent Ductus Arteriosus at 14% (95% CI 12%-18%) and Tetralogy of Fallot at 5% (95% CI
3%-8%). Mortality rates identified can serve as a proxy for healthcare system performance in
diagnosing and managing CAs. Based on the identified evidence context of healthcare settings, these
findings can be an indication of unequal access, lack of advanced neonatal services and delayed
interventions. This could also be a marker of prenatal screening gaps, perinatal and postnatal care
deficiencies requiring improved maternal-child health programs.

Two sub-meta-analyses reported surgical outcomes following Low Cardiac Output Syndrome
and Pulmonary Artery Hypertension that could have contributed to infant mortality. These
conditions incurred post-cardiac surgery where the researchers did not mention any surgical history
that participants may have had due to the congenital heart anomaly, which could impact post-
operative complications and surgical outcomes. As a result, these findings may underestimate, or
overestimate risks linked to altered hemodynamics or other physiological changes that are vital for
clinical management. Also, in the absence of cumulative burden of prior interventions, mortality rate
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may be disproportionately analysed attributing to bias in mortality associations that could limit the
applicability of the findings.

The findings of this study, particularly the elevated mortality rate for Pulmonary Artery
Hypertension (PAH) at 36%, confirms our understanding of it as a significant post-surgical risk factor.
It also reflects on the long-term impact of undiagnosed, untreated or sub optimally managed
congenital anomalies, particularly common in low-resource settings where access to surgical repair
is limited. For instance, Ivy et al. (2013) similarly reported that PAH contributes substantially to poor
surgical outcomes in infants with congenital heart disease [8]. However, the stark contrast between
the mortality of PAH and Low Cardiac Output Syndrome (LCOS) in this study (36% vs 3%) may
differ slightly from other studies that show more comparable risk levels between these two conditions
[9]. This could suggest either population-specific differences or variations in clinical management.
The results also highlight that Hypoplastic Left Heart Syndrome (HLHS) presents a higher mortality
risk (15%) compared to other congenital anomalies like Tetralogy of Fallot (5%) and Patent Ductus
Arteriosus (14%). Yet, the mortality for Tetralogy of Fallot we discovered is lower than previously
observed, where studies, such as Brown et al. (2015), reported higher rates due to complex surgical
procedures [10]. These discrepancies underscore the need for further comparative studies to evaluate
surgical techniques and post-operative care in different settings. Overall, this study adds to the body
of evidence but highlights the need for contextual analysis across populations.

Practice Implications

Our findings can help design better standard operating procedures, core outcome sets for
optimising research conducted and healthcare policies. In HICs, advanced technologies and
resources allow for comprehensive post-surgical monitoring, including continuous haemodynamic
assessments, which improve survival rates, particularly for conditions like Low Cardiac Output
Syndrome (LCOS) , or PAH, that can be managed with advanced therapies like prostacyclin or
endothelin receptor antagonists[10]. More precise identification may inform intervention strategies
in HICs that can benefit from cutting-edge surgical techniques, specialised intensive care, and access
to pharmacological treatments, which significantly enhance patient outcomes [10,13].

In HICs, better informed identification of CAs alongside of sophisticated models that
incorporate genetic, socio-demographic, and clinical data enabled personalised care could improve
survival rates and overall health outcomes, particularly for those from underserved populations [14].
This will also reduce the burden on the mental health and wellbeing of parents and caregivers making
difficult decisions over termination, a significant cause for increased healthcare service utilisation and
associated costs [16].

It is worth noting that there are persistent health inequalities in HICs and socioeconomic
disparities and cultural factors, particularly amongst minoritised or economically disadvantaged
communities may influence the uptake of screening services and prevent timely prenatal care.

The impact of our findings on post-surgical monitoring, intervention strategies, and risk
stratification in LMICs is limited by challenges of resource and health service capacity and capability.
There are a number of barriers to congenital anomaly detection including limited access to advanced
prenatal screening and diagnostic technologies [15]. There are also limits in access to, or the success
of, congenital heart disease surgery due to the lack of infrastructure, specialised equipment, advanced
therapies and trained personnel [11,12]. In LMICs, risk assessment is typically less precise due to the
absence of routine diagnostics and long-term follow-up as well as determinants of health, such as
poverty, malnutrition, and limited access to healthcare.

Limitations

The sample sizes across the sample were relatively small and limits the generalisability of
findings, increasing the risk of bias and reducing statistical power. At the secondary analysis level,
smaller studies contribute to heterogeneity and potential over- or underestimation of true effects.
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Most of the studies in our study sample were conducted within high-income nations than low-
middle-income countries that often face challenges like limited funding, resources and inadequate
resources. The lack of equity within the studies indicate the importance of conducting inclusive and
comprehensive research to promote early detection and intervention, and which explores the
challenges of scalability and affordability for patients accessing healthcare services in rural and urban
settings.

Study designs often lacked core health outcomes and well thought-out designs that could assist
with identifying predefined variables and outcome measures for qualitative and quantitative
datasets. Qualitative study designs in particular reported caregiver experiences with minimal
quantifiable measures that limited the ability for these to be re-analysed as part of a broader evidence
synthesis.

Conclusion

This study demonstrates 7 common conditions that attribute to infant mortality that can assist
clinicians, academics and policymakers better design standard operating procedures, core outcome
sets and policies. We recommend that evidence-based approaches be used in a living format with a
standardised set of clinical, scientific and patient-reported outcomes to be reported across prospective
studies. Future research needs to exhibit better awareness of inclusivity, equity and diversity and
there is a notable lack of research in LMICS.
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