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Abstract

Background/Objectives: Congenital heart disease (CHD) is a major cause of congenital
morbidity and mortality, but evidence from public pediatric cardiology services in Brazil
remains limited. This study aimed to characterize the clinical and epidemiological profile of
children and adolescents referred to a public pediatric cardiology service in Southern Brazil,
including referral patterns, diagnostic findings, and healthcare utilization, and to explore
factors associated with age-appropriate development. Methods: In this cross-sectional
study, medical records of patients aged 0-17 years referred to and evaluated at a public
university hospital in Rio Grande, Rio Grande do Sul, were retrospectively reviewed. De-
mographic, referral, clinical, diagnostic, hospitalization, family history, school performance
and developmental data were extracted. Groups were compared using the chi-square or
Fisher’s exact test. Poisson regression with robust variance estimated prevalence ratios in
an exploratory secondary analysis of age-appropriate development. Sensitivity analyses
were performed excluding isolated patent foramen ovale, applied a stricter structural CHD
definition, restricted the adjusted analysis to patients who underwent echocardiography,
and modeled age using clinical categories. Results: Among 263 referred patients, CHD
was confirmed in 128 (48.7%); among these, 84% had acyanotic and 16% had cyanotic CHD.
Suspected heart disease was the most frequent reason for referral (64%). Echocardiography
was performed in all patients with confirmed CHD compared with 24% of those without
CHD, and hospitalization was more frequent among patients with confirmed CHD (52%
vs. 21%). In the exploratory adjusted analysis, no statistically significant overall association
was detected between CHD category and age-appropriate development (p = 0.122). The
estimate for cyanotic CHD suggested a lower prevalence than no CHD, but the confidence
interval included the null and the estimate was imprecise (adjusted PR 0.745; 95% CI
0.553-1.002). Age at evaluation showed a small inverse association. Sensitivity analyses
yielded estimates in the same direction as the primary model, while the overall CHD-
category association was statistically significant only in the analysis restricted to patients
who underwent echocardiography. Conclusions: Under the record-based operational
definition, CHD was confirmed in nearly half of the referred patients, predominantly acyan-
otic. These findings characterize the clinical and epidemiological profile and healthcare
demands of children reaching specialized pediatric cardiology care in southern Brazil
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and may support improvements in referral pathways and planning of specialized care for
patients with CHD.

Keywords: associated factors; Brazil; congenital heart defects; congenital anomalies;
cyanosis; child development; public health

1. Introduction

Following the ligation of a patent arterial duct by Robert Gross and John Hubbard in
1938, one of the first major advances in pediatric cardiovascular surgery, the life expectancy
of patients with congenital heart disease (CHD) began to improve [1]. Since then, advances
in the understanding of the cardiovascular system and its pathologies have paved the
way for further improvements in diagnostic, interventional, and surgical techniques, ulti-
mately increasing survival among these patients [2]. However, despite these remarkable
advances, CHD remains one of the most common congenital disorders and a leading cause
of infant mortality due to birth defects, while its full global burden remains incompletely
characterized, particularly across resource-limited settings [3,4].

In this context, although studies provide approximate estimates of CHD occurrence
among newborns, its epidemiology remains uncertain. Landmark reviews have reported
birth prevalence estimates generally ranging from 5 to 9 cases per 1000 live births [5-7].
Even with robust approaches, estimating the true birth prevalence of CHD is complex
because definitions, diagnostic methods, case ascertainment, and population characteristics
vary across studies [5-7]. This heterogeneity also affects estimates for cyanotic and acyan-
otic CHD, the two broad clinical classifications, with cyanotic defects generally associated
with greater early clinical severity [8].

In the mid-20th century, studies began to observe that, because cyanotic CHD directly
affects brain oxygenation, this condition may be associated with disadvantages in neurolog-
ical and physical development [8,9]. However, operative procedures and perioperative and
postoperative care continue to improve, and their effects on the developmental outcomes
of children with CHD remain under investigation [10-12]. Thus, the continued evaluation
of contemporary pediatric populations is essential to understand how current approaches
and techniques influence everyday functioning and development. Current evidence also
indicates that developmental outcomes are influenced not only by oxygenation and cardiac
lesion severity, but also by genetic, perioperative, family, and socioeconomic factors [10,12].

In Brazil, studies conducted in different regions have reported a discernible range
of CHD occurrence, from approximately 4 to 13 cases per 1000 live births. However,
these studies consistently raise the possibility that cases are underestimated in national
information systems [13-18]. Pinto Junior et al. [13] observed that the number of CHD
cases recorded in a national database represented only 5.3% of the estimated total, raising
concern about the true birth prevalence and possible underreporting of CHD in the country.
Other Brazilian analyses have also identified discrepancies among birth, hospitalization,
and mortality records [14-16]. In addition, although evidence remains limited, Brazilian
studies evaluating the effects of CHD on child development have reported developmental
disadvantages compared with healthy children [19-21]. Therefore, as emphasized by Rohit
and Shrivastava [8] and recent neurodevelopmental recommendations [10], continuous and
in-depth investigation of children with CHD in different populations remains necessary.

The current lack of consensus regarding the epidemiology of CHD in different regions
of Brazil and the world, together with possible underreporting and the need to assess the
impact of CHD on child development in different populations, demonstrates the impor-
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tance of studies addressing the clinical and epidemiological profile of patients with these
birth defects. Such studies may provide a better overview of the regional, national, and
international contexts of these conditions and contribute to the planning of cardiovascular
health actions. Therefore, this study aimed to characterize the clinical and epidemiological
profile of children and adolescents referred to a public pediatric cardiology service in
Southern Brazil, including referral patterns, diagnostic findings, and healthcare utilization,
and to explore factors associated with age-appropriate development.

2. Materials and Methods
2.1. Study Design and Setting

This cross-sectional study was based on a retrospective review of the medical records
of patients evaluated by the pediatric cardiology service of Dr. Miguel Riet Corréa Jr.
University Hospital, Universidade Federal do Rio Grande, located in the municipality
of Rio Grande, in the southern coastal region of Rio Grande do Sul, Brazil, between
December 2017 and December 2018 (Figure 1). The institution is a public teaching hospital
that provides healthcare through the Brazilian Unified Health System (Sistema Unico de
Satide; SUS). The reporting of this study was guided by the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) statement [22].
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Figure 1. Geographic location of the municipality of Rio Grande in the state of Rio Grande do Sul,
Brazil, and the location of Dr. Miguel Riet Corréa Jr. University Hospital.

Patients aged 0-17 years who were referred and evaluated by pediatric cardiology
service with suspected or previously confirmed congenital heart disease (CHD) during the
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study period were eligible for inclusion. All eligible medical records identified during the
study period were reviewed and included in the analysis. No records were excluded.

2.2. Data Collection and CHD Classification

Data were retrieved from the hospital’s Medical Archive and Statistics Service using a
standardized data collection procedure. The variables extracted from the medical records
included age, age at referral, sex, primary and secondary reasons for referral, referring
healthcare facility, main clinical symptom, performance of echocardiography, need for
hospitalization, family history of heart disease, presence of other diseases, treatment re-
ceived, ongoing clinical follow-up, school performance, age-appropriate development,
confirmation of CHD, and classification of CHD as cyanotic or acyanotic. Referring health-
care facilities were categorized as neonatal intensive care unit, maternity unit, pediatric
outpatient clinic, primary health care unit, or other. The main symptom was categorized as
asymptomatic, fatigue, cyanosis, dyspnea, chest pain, palpitations/tachycardia, or other.
The medical records were manually reviewed to identify inconsistencies and incomplete
information before statistical analysis.

Confirmed CHD status and classification as cyanotic or acyanotic were determined
according to the final diagnosis documented by the pediatric cardiology team in the medi-
cal record and supported by the recorded echocardiographic findings. This record-based
definition was retained as the primary operational classification because the study aimed to
describe the diagnostic profile documented by the service. Patent foramen ovale (PFO) and
small atrial or ventricular septal defects were therefore included when retained as the final
cardiac diagnosis. Repaired CHD was classified according to the underlying congenital le-
sion, and mixed lesions were grouped as multiple/combined findings. Mutually exclusive
categories were constructed for analysis: no CHD, acyanotic CHD, and cyanotic CHD. For
patients categorized as without confirmed CHD, the classification reflected the final pedi-
atric cardiology assessment documented after clinical evaluation and any complementary
tests performed; echocardiography was not performed uniformly in this group.

Age-appropriate development was classified as a secondary outcome according to
age-specific developmental milestones from the Brazilian Ministry of Health Child Health
Booklet (Caderneta de Satiide da Crianga) and Adolescent Health Booklet (Caderneta de
Satide do Adolescente) [23,24]. The same researcher (FSV) applied these criteria to the
developmental information available for each patient and classified development as appro-
priate or not appropriate for age (yes or no), so that the same classification procedure was
used across the study population. This assessment represented developmental surveillance
rather than a formal neuropsychological diagnostic evaluation. School performance was
classified as excellent/good, regular, poor, or not reported. The exploratory secondary anal-
ysis focused on the association between CHD category and age-appropriate development.
Age at evaluation, sex, and family history of heart disease were selected for the adjusted
model based on their clinical relevance as baseline covariates and the consistency of their
documentation in the medical records. Family history of heart disease included any cardiac
condition documented among first- or second-degree relatives, was not restricted to CHD,
and was analyzed as no, yes, or unknown.

Because the study population consisted of children and adolescents referred to a
specialized pediatric cardiology service rather than a defined population-based cohort, no
regional incidence or prevalence estimate was calculated.

2.3. Statistical Analysis

Categorical variables were summarized as absolute and relative frequencies using
the number of available observations for each variable as the denominator. Differences
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between patients with and without confirmed CHD were evaluated using the chi-square
test or Fisher’s exact test, as appropriate. Echocardiography rates were reported descrip-
tively because echocardiographic findings contributed to diagnostic confirmation. As an
exploratory secondary analysis, factors associated with age-appropriate development were
examined using bivariable and multivariable Poisson regression models with robust vari-
ance estimation. The results were expressed as prevalence ratios (PRs) with 95% confidence
intervals (CIs). CHD was represented by one mutually exclusive categorical variable, with
no CHD as the reference category and separate categories for acyanotic and cyanotic CHD.
The adjusted model simultaneously included age at evaluation, sex, family history of heart
disease, and CHD category. Age at evaluation was entered as a continuous variable in
months. Female sex, no family history of heart disease, and no CHD were the reference
categories. Multicollinearity between age at evaluation and age at referral was assessed
using the Pearson correlation coefficient and variance inflation factors (VIFs).

Four sensitivity analyses were performed. First, patients with isolated PFO were
reclassified as having no CHD under a more restrictive PFO-excluded definition because
isolated PFO is a frequent incidental finding in children and is generally not hemody-
namically significant [25]. Second, the adjusted analysis was restricted to patients who
underwent echocardiography. Third, age at evaluation was modeled using four clinically
meaningful categories (0-12, 13-24, 25-60, and >60 months), with 0-12 months as the
reference category. Fourth, a stricter structural CHD definition was applied, retaining only
identifiable congenital structural defects documented in the diagnosis or echocardiographic
findings. Isolated PFO and findings without a clearly documented congenital structural
defect, including dilated cardiomyopathy and isolated valvular regurgitation, did not
qualify. Repaired defects and combined lesions were retained when a qualifying defect was
documented. The recorded cyanotic/acyanotic classification was preserved, and patients
without a documented qualifying defect formed the reference category. The other covari-
ates and robust-variance Poisson regression specification were retained in all sensitivity
models. No CHD was the reference category in the primary, echocardiography-restricted,
and alternative age models; no CHD under the PFO-excluded definition was the reference
category when isolated PFO was excluded.

Records with missing information for a particular variable were excluded only from the
analysis involving that variable, and no missing values were imputed. Crude models used
all observations available for each variable, whereas the adjusted model used complete
cases for all included covariates. All tests were two-sided, and a p value < 0.05 was
considered statistically significant. Statistical analyses were performed using SPSS version
11.0 (SPSS Inc., Chicago, IL, USA).

2.4. Ethical Considerations

The study was conducted in accordance with the Declaration of Helsinki and Brazilian
National Health Council Resolution No. 466/2012. The study protocol was approved by
the Research Ethics Committee of the Universidade Federal do Rio Grande (CEP/FURG;
approval number 3.746.217). All data used in the analyses were handled confidentially and
reported without information that could identify individual patients.

3. Results

A total of 263 medical records of patients referred to and evaluated by the pediatric
cardiology service during the study period were included. No eligible medical records
were excluded, although the number of available observations varied across some variables
because of missing information. The clinical and epidemiological profile of the patients is
presented in Table 1, with variable-specific denominators.
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Table 1. Demographic, referral, and health characteristics of the study population.

Total Sample With CHD Without CHD

Parameter (1 = 263) (n = 128) (n = 135) p-Value
n/N % n/N % n/N %
Age at evaluation 0.347
Up to 12 months 94/259 36 49/125 39 45/134 34
Over 12 months 165/259 64 76/125 61 89/134 66
Sex 0.580
Male 183/263 70 87/128 68 96/135 71
Female 80/263 30 41/128 32 39/135 29
Main reason for referral <0.001
Established heart disease 54/262 21 52/128 41 2/134 1
Suspected heart disease 168/262 64 65/128 51 103/134 77
Cardiological opinion 33/262 13 10/128 8 23/134 17
Other reasons 7/262 3 1/128 1 6/134 4
Referring healthcare facility <0.001
Neonatal intensive care unit 46/262 18 36/127 28 10/135 7
Maternity unit 52/262 20 25/127 20 27/135 20
Pediatric outpatient clinic 114/262 44 47/127 37 67/135 50
Primary health care unit 34/262 13 10/127 8 24 /135 18
Other 16/262 6 9/127 7 7/135 5
Main symptom 0.015
Asymptomatic 164/261 63 84/126 67 80/135 59
Fatigue 53/261 20 29/126 23 24/135 18
Cyanosis 13/261 5 5/126 4 8/135 6
Dyspnea 4/261 2 3/126 2 1/135 1
Chest pain 10/261 4 1/126 1 9/135 7
Palpitations/tachycardia 7/261 3 0/126 0 7/135 5
Other symptoms 10/261 4 4/126 3 6/135 4
Echocardiography
Yes 161/263 61 128/128 100 33/135 24
No 102/263 39 0/128 0 102/135 76
Hospitalization <0.001
Yes 94/260 36 66/127 52 28/133 21
No 166/260 64 61/127 48 105/133 79
Heart disease in the family <0.001
Yes 31/263 12 7/128 5 24/135 18
No 184/263 70 87/128 68 97/135 72
Do not know 48/263 18 34/128 27 14/135 10
School performance 0.169
Excellent/Good 49/254 19 18/124 15 31/130 24
Regular 26/254 10 11/124 9 15/130 12
Poor 20/254 8 12/124 10 8/130 6
Not informed 159/254 63 83/124 67 76/130 58
Age-appropriate 0.095
development
Yes 217/256 85 102/126 81 115/130 88
No 39/256 15 24/126 19 15/130 12

Note: Counts are presented as n/N, where N is the number of available observations for each variable
and group; percentages may not total 100% because of rounding. p-values were calculated using the
chi-square test or Fisher’s exact test, as appropriate. CHD, congenital heart disease. Established heart
disease denotes any previously identified cardiac condition and was not restricted to CHD.

https://doi.org/10.3390 /hearts7030025


https://doi.org/10.3390/hearts7030025

Hearts 2026, 7, 25

7 of 14

Among the 263 referred patients, 128 (48.7%) had confirmed CHD, of whom 16%
had cyanotic CHD and 84% had acyanotic CHD. Suspected heart disease was the most
frequent reason for referral (64%), followed by established heart disease (21%) and cardi-
ological opinion (13%). Echocardiography was performed in all patients with confirmed
CHD compared with 24% of those without CHD, and hospitalization was more frequent
among patients with confirmed CHD than among those without CHD (52% vs. 21%;
p <0.001).

Referral source was available for 262 patients. Pediatric outpatient clinics were the
most frequent source (43.5%), followed by maternity units (19.8%), neonatal intensive care
units (17.6%), and primary health care units (13.0%). Among patients without confirmed
CHD, 76.9% were referred for suspected heart disease and 17.2% for cardiological opin-
ion; 59.3% were asymptomatic, while fatigue (17.8%), chest pain (6.7%), cyanosis (5.9%),
and palpitations/tachycardia (5.2%) were the most frequent recorded symptoms. The
documented echocardiographic findings among the 128 patients with confirmed CHD are
presented in Table 2. Isolated patent foramen ovale was the most frequent finding (37/128;
28.9%), followed by multiple/combined findings (21/128; 16.4%) and isolated atrial septal
defect (17/128; 13.3%).

Table 2. Documented echocardiographic findings among patients with confirmed CHD according to
the record-based definition (n = 128).

Echocardiographic Finding N %
Patent foramen ovale (isolated) 37 28.9
Atrial septal defect (isolated) 17 13.3
Ventricular septal defect (isolated) 11 8.6
Patent ductus arteriosus (isolated) 9 7.0
Pulmonary stenosis (isolated) 8 6.3
Multiple/combined findings 21 16.4
Other individual findings 25 19.5
Total 128 100.0

Note: CHD, congenital heart disease. Other individual findings comprised tetralogy of Fallot,
tricuspid regurgitation, dilated cardiomyopathy, atrioventricular septal defect, bicuspid aortic valve,
persistent left superior vena cava, coarctation of the aorta, aortic regurgitation, complex CHD,
mitral regurgitation, postoperative atrioventricular septal defect, pulmonary regurgitation, branch
pulmonary artery stenosis, and aortic stenosis.

Table 3 presents the exploratory secondary analysis of factors evaluated in relation to
age-appropriate development. Developmental information was available for 256 patients,
of whom 39 (15.2%) were classified as not having age-appropriate development Age at
referral was strongly correlated with age at evaluation (Pearson r = 0.892) and, when both
variables were entered in the initial model, their VIFs were 5.17 and 5.24, respectively.
Therefore, age at referral was excluded from the adjusted model. Age at evaluation showed
a small inverse association with age-appropriate development in both the crude (p = 0.006)
and adjusted analyses (p = 0.014). No statistically significant association was detected
between the overall CHD category and age-appropriate development after adjustment
(p = 0.122). The estimate for cyanotic CHD suggested a lower prevalence of age-appropriate
development than no CHD, but the confidence interval included the null and the estimate
was imprecise (adjusted PR 0.745; 95% CI 0.553-1.002). Sex and family history of heart
disease were not associated with age-appropriate development in either the crude or
adjusted models.

In the sensitivity analysis, presented in Table 4, excluding isolated PFO, 91 of 263 pa-
tients (34.6%) met the more restrictive PFO-excluded CHD definition; 73 (80.2%) were
classified as acyanotic and 18 (19.8%) as cyanotic. Hospitalization remained more frequent
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among patients meeting this definition than among those who did not (48.4% vs. 29.6%;
p = 0.003). The adjusted estimate for cyanotic CHD remained in the same direction as the
primary analysis (PR 0.708; 95% CI 0.493-1.017), although the estimate remained imprecise.
In the echocardiography-restricted analysis, the overall CHD-category association was sta-
tistically significant (p = 0.028), and the estimate for cyanotic CHD remained inverse, with
a confidence interval excluding the null (PR 0.693; 95% CI 0.506-0.949). Modeling age in
categories did not materially change the CHD estimates. Under the stricter structural CHD
definition, 75 patients (28.5%) met the criteria, predominantly acyanotic (61/75, 81.3%).
Hospitalization remained more frequent among these patients than in the reference group
(46.7% vs. 31.9%; p = 0.032). The adjusted developmental estimates remained in the same
direction, with no statistically significant overall association (p = 0.175).

Table 3. Exploratory Poisson regression analysis to assess factors associated with age-appropriate

development.
Crude Analysis Adjusted Analysis
Parameter Prevalence Ratio Value Prevalence Ratio Value
(95% CI) b (95% CI) b
Age at evaluation, months 0.998 (0.997-0.999) 0.006 0.998 (0.997-0.999) 0.014
Sex 0.043 0.080
Female 1.000 1.000
Male 0.903 (0.819-0.997) 0.916 (0.831-1.010)
Heart disease in the family 0.505 0.700
No 1.000 1.000
Yes 1.060 (0.927-1.212) 0.396 1.044 (0.920-1.185) 0.504
Do not know 0.952 (0.818-1.109) 0.528 0.969 (0.830-1.131) 0.690
CHD category 0.144 0.122
No CHD 1.000 1.000
Acyanotic CHD 0.947 (0.853-1.052) 0.311 0.952 (0.859-1.055) 0.344
Cyanotic CHD 0.754 (0.553-1.026) 0.073 0.745 (0.553-1.002) 0.052
Note: PR, prevalence ratio; CI, confidence interval. A PR of 1.00 indicates the reference category.
Crude estimates were obtained from separate models for each variable. Adjusted estimates were
obtained from a single model simultaneously including age at evaluation, sex, family history of heart
disease, and CHD category. Age at evaluation was entered as a continuous variable in months. The
adjusted model included 253 complete cases and the crude models included 253-256 observations,
depending on data availability.
Table 4. Sensitivity analyses of the association between CHD category and age-appropriate development.
Acyanotic CHD, Cyanotic CHD,
Analysis n Adjusted PR Adjusted PR Overall p-Value
(95% CI) (95% CI)
Primary model 253 0.952 (0.859-1.055)  0.745 (0.553-1.002) 0.122
Isolated PFO excluded 253 0.992 (0.880-1.118)  0.708 (0.493-1.017) 0.174
Patients with echocardiography 153 0.886 (0.785-1.000)  0.693 (0.506—0.949) 0.028
Age modeled in categories 253 0.948 (0.855-1.050)  0.746 (0.551-1.009) 0.123
Stricter structural CHD definition 253 0.991 (0.877-1.119)  0.663 (0.430-1.021) 0.175

Note: PFO, patent foramen ovale. All estimates were obtained using Poisson regression with
robust variance and were adjusted for age at evaluation, sex, family history of heart disease, and
CHD category.
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4. Discussion

The substantial burden of disease caused by CHD continues to direct efforts toward
better understanding this condition and improving the care provided to affected children.
In this regard, our main findings characterize both the diagnostic profile and healthcare
demands of children reaching specialized pediatric cardiology care. Among 263 referred
patients, CHD was confirmed in 48.7%, predominantly acyanotic (84%). Suspected heart
disease was the most frequent reason for referral (64%), echocardiography was performed
in all patients with confirmed CHD, and hospitalization was substantially more frequent
among patients with confirmed CHD than among those without CHD (52% vs. 21%). In
the exploratory secondary analysis, no statistically significant association was detected
between the overall CHD category and age-appropriate development after adjustment;
however, the estimate for cyanotic CHD suggested a lower prevalence of the outcome, but
its confidence interval included the null and the estimate was imprecise. Age at evaluation
showed a small inverse association with the outcome.

Dissimilarities in the definition of CHD, study methods, diagnostic capacity, and
population characteristics have led to a wide range of estimates of CHD occurrence [2,5-7].
Hoffman and Kaplan [5], in their landmark review, reported values ranging from 4 to 50
cases per 1000 live births, demonstrating the substantial variability among studies. In 2011,
van der Linde et al. [6] performed a systematic review and meta-analysis and estimated
a global birth prevalence of 9.1 cases per 1000 live births. This estimate is similar to that
reported in the updated global review by Liu et al. [7], which also described an increase
in reported birth prevalence over time and considerable differences among world regions.
Although these population-based estimates are important for characterizing disease burden,
service-based studies provide complementary information on referral patterns, diagnostic
confirmation, and healthcare utilization among patients who reach specialized care.

In this sense, studies still do not provide complete consensus regarding the epidemi-
ology of CHD and its cyanotic and acyanotic presentations. In the present service-based
study, CHD was confirmed in 48.7% of children and adolescents evaluated at the service
under the record-based operational definition, and acyanotic cases were considerably more
frequent than cyanotic cases. The predominance of acyanotic CHD is consistent with
the broader spectrum and greater frequency of these lesions in pediatric populations [8].
Isolated PFO accounted for 28.9% of the primary CHD category. Because isolated PFO
is commonly detected incidentally in otherwise healthy children and generally requires
neither treatment nor follow-up [25], the sensitivity analysis reclassified these cases as no
CHD under the PFO-excluded definition. The proportion classified as CHD decreased to
34.6% after excluding isolated PFO and to 28.5% under the stricter structural definition.
Both analyses retained the predominance of acyanotic lesions and the higher frequency of
hospitalization. This difference demonstrates the importance of the operational definition
when describing the diagnostic profile of a referred service population. Importantly, these
findings that nearly half of referred patients had confirmed CHD highlight the diagnostic
role of specialized pediatric cardiology within the referral pathway.

Referral patterns provide additional insight into how the specialized service was
used. Suspected heart disease accounted for 64% of referrals, followed by established heart
disease (21%) and cardiological opinion (13%), indicating that most patients reached the
service before a definitive cardiac diagnosis. Pediatric outpatient clinics were the main re-
ferral source, while referrals from neonatal in-tensive care units were more frequent among
patients with confirmed CHD. Among patients without confirmed CHD, more than three
quarters were referred for suspected heart disease, and most were asymptomatic or had
nonspecific symptoms. The importance of specialist assessment after initial clinical suspi-
cion has also been highlighted in Brazilian pediatric cardiology studies [18]. In our sample,
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echocardiography was performed in all patients with confirmed CHD compared with 24%
of those without CHD. Because echocardiography contributed to diagnostic confirmation,
this pattern reflects the diagnostic pathway and was not treated as an independent indi-
cator of healthcare utilization. For the remaining patients, the absence of confirmed CHD
reflected the final pediatric cardiology assessment rather than uniform echocardiographic
exclusion. Consequently, small or clinically silent structural lesions may have been missed
among patients who did not undergo echocardiography. The echocardiography-restricted
sensitivity analysis produced stronger inverse estimates, including a confidence interval
that excluded the null for cyanotic CHD; however, this analysis cannot eliminate concerns
regarding differential ascertainment because echocardiography was requested selectively
according to the clinical context and the restricted no-CHD subgroup was small. Hos-
pitalization was more frequent among patients with confirmed CHD than among those
without CHD (52% vs. 21%), indicating greater healthcare needs in this service population.
Brazilian studies have also identified discrepancies across birth, hospitalization, and mor-
tality records [13-16], while hospital-based investigations have emphasized the influence
of diagnostic ascertainment on the identification of CHD [13,17,18]. Pulse oximetry screen-
ing can support the early detection of critical CHD [26], and updated recommendations
emphasize its integration with prenatal assessment and clinical examination [27]. The
implementation of screening policies has also been associated with reductions in early
infant cardiac deaths [28]. Together, these strategies may strengthen early detection and
timely access to specialized care.

Approximately 36% of patients with available age information were infants aged
12 months or younger, whereas 64% were older than 12 months. Because the service
included referred patients from birth through 17 years of age with suspected or established
disease, this distribution may reflect both the referral mix and ongoing follow-up rather
than delayed diagnosis alone. Prenatal diagnosis, neonatal assessment, and pulse oximetry
screening may also influence age at referral, but these variables were not available in the
medical records.

CHD is recognized to be associated with adverse neurological, cognitive, motor,
and educational outcomes, particularly among children with complex or cyanotic de-
fects [8-12,19-21]. In our exploratory secondary analysis, no statistically significant overall
association was detected between CHD category and age-appropriate development after
adjustment. Compared with patients without CHD, the estimate for cyanotic CHD sug-
gested a lower adjusted prevalence of age-appropriate development (PR 0.745; 95% CI
0.553-1.002). However, the confidence interval included the null, the estimate was impre-
cise, and only 21 patients were classified as having cyanotic CHD. Sensitivity analyses
excluding isolated PFO, applying the stricter structural CHD definition, restricting the
sample to patients who underwent echocardiography, and modeling age in categories
produced estimates in the same direction, but their precision and magnitude varied. These
findings therefore remain exploratory and require confirmation in larger studies with
standardized diagnostic and developmental assessment. Age at evaluation showed a small
inverse association per month, which may partly reflect differences in the opportunity to
recognize and document developmental concerns at different ages rather than a causal
age effect. When age was modeled in four categories, the CHD estimates were materially
unchanged, reducing concern that the primary result was driven by the linear age speci-
fication. This finding should be interpreted in the context of developmental surveillance
rather than a formal neuropsychological assessment. Developmental outcomes in children
with CHD are multifactorial and may be influenced by lesion complexity, perioperative
factors, genetic conditions, nutritional status, quality and timing of medical care, family
and social interaction, education, housing conditions, and other socioeconomic determi-
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nants [10,12,29]. The absence of a statistically significant overall association in the present
study may therefore reflect both the heterogeneity of CHD and the broad nature of the
developmental classification used.

Regardless of advances in knowledge and care involving CHD, the continued study
of these conditions, including in specific health services, remains important because CHD
continues to contribute substantially to childhood morbidity and mortality [30,31]. The
information derived from this study may help healthcare professionals and decision-makers
understand referral patterns and plan specialized care. However, the study has limitations
inherent to its cross-sectional design and retrospective medical record review, and no
temporal sequence between the evaluated variables can be established. Because the sample
comprised patients referred to a single specialized service, the findings characterize that
service population and cannot be used to estimate regional prevalence or incidence. The
broad record-based CHD definition and nonuniform echocardiographic verification may
have influenced diagnostic classification, but the sensitivity analyses, using more restrictive
definitions and restricting the sample to patients who underwent echocardiography yielded
developmental estimates in the same direction, although their magnitude and precision
varied. Age-appropriate development was classified by the same researcher using age-
specific developmental surveillance criteria from the Brazilian Ministry of Health child and
adolescent health booklets rather than a formal neuropsychological diagnostic instrument,
and only 39 of 256 with available information were classified as not having age-appropriate
development. Moreover, the adjusted analysis was restricted to variables documented
with sufficient consistency in the medical records. In this sense, genetic diagnoses, lesion
complexity, perioperative factors, nutritional status, socioeconomic conditions, education,
and family environment were not documented in the medical records. Therefore, residual
confounding is possible and the adjusted estimates should be interpreted as exploratory
associations rather than causal effects. In addition, the 2017-2018 data provide a pre-
pandemic baseline for this public service but may not reflect current referral organization
or diagnostic practices Nevertheless, the study provides regional evidence from a public
pediatric cardiology service and identifies areas in which referral pathways, diagnostic
assessment, and clinical documentation can be strengthened.

5. Conclusions

The clinical and epidemiological profile of children and adolescents referred to the pe-
diatric cardiology service was characterized. Under the record-based operational definition,
CHD was confirmed in 48.7% of patients and was predominantly acyanotic. Suspected
heart disease was the main reason for referral. Patients with confirmed CHD were more
frequently hospitalized, and all had undergone echocardiography. In the exploratory sec-
ondary adjusted analysis, no statistically significant association was detected between the
overall CHD category and age-appropriate development. The estimate for cyanotic CHD
suggested a lower prevalence, but the confidence interval included the null and the estimate
was imprecise, based on a small subgroup. These findings characterize the diagnostic and
healthcare demands of a public pediatric cardiology service and may support improve-
ments in referral pathways, clinical documentation, and the planning of specialized care
for patients with CHD.
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