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ABSTRACT

Objectives: To evaluate which diagnostic methods are most effective for the early evaluation of
possible cardiac abnormalities in the uterine and neonatal period, in order to analyze the impact
of prenatal tests and to correlate early diagnosis with the risk of infant mortality. Method: a
systematic review was carried out using the Science and Pubmed platforms in the period
between 2012 and 2022, where the following descriptors were used in the search 'newborns" OR
'premature infants" AND 'congenital heart disease" OR 'congenital heart defects' OR 'baby's
heart' AND "early diagnosis" OR "prenatal diagnosis". Subsequently, the articles found were
selected according to the inclusion and exclusion criteria previously determined to suit the type
of research. Results: after analysis of 97 articles, 23 were in the appropriate parameters and were
considered in the study, addressing exams such as ultrasonography, nuchal translucency, fetal
echocardiography, genetic tests, pulse oximetry, cardiovascular physical examination and
echocardiographic reassessment. Conclusion: In view of the assumption, it was found that the
previous identification of the pathological alteration results in a more improved and prepared
therapeutic plan and better psychological acceptance of the parents. Therefore, the importance of
disseminating the various methods available and how to perform them correctly to make the
early diagnosis of congenital heart diseases and contribute to the reduction of mortality of these
newborns is justified.
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INTRODUCTION
Congenital heart disease (CHD) is a structural and functional alteration of the heart.
These abnormalities are mostly due to the defect in the embryology of the cardiac system, which

occurs from the third to the eighth week of gestation in the fetal embryonic period, and from the
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first month of gestation the formation of the atrioventricular septum (AV) that separates the
cardiac chambers begins. 23

Cardiac malformations occur due to various causes, mostly of maternal origin, such as
lifestyle habits, pre-existing diseases and genetic factors. * 3

In addition, heart defects were more evident in preterm infants who were underweight
and in the case of twins. Heart diseases are classified according to their severity in relation to the
involvement of the cardiopulmonary system, with or without the presence of cyanosis.

Cardiac failures that do not present cyanosis are more prevalent and less aggressive.” The
most important of this group can be mentioned as atrial septal defect (ASD), established by the
defect in the division of the atria; coarctation of the aorta (AC), which occurs due to compression
of the aortic segment; aortic stenosis (AS), which occurs due to an abnormality in the
constriction of the valves; ventricular septal defect (VSD), which results from a failure in the
division of the ventricle, with increased flow in the lung; and patent ductus arteriosus (PDA),
which leads to an atrioventricular septal defect. With regard to cyanotic diseases, the pathology
most frequently characterized by poor oxygenation of the blood is tetralogy of Fallot (FT4). This
pathology is characterized by high cyanosis, by damaging the path from air to the lungs.’

Based on these findings, it can be seen that an effective diagnosis is essential to improve
the quality of life of these patients. Thus, the main tests performed during prenatal care are fetal
ultrasonography (USG), nuchal translucency (NT) and fetal echocardiography, which are more
useful for identifying heart defects in the first three months of pregnancy. Ultrasound is routine
in the prenatal care of pregnant women, and it is essential to perform this test between the
eleventh and fourteenth weeks of gestation. During USG, NT is also measured, which, if
increased, may be related to congenital problems.'°

Echocardiography is a non-invasive test that serves to evaluate the functioning of the
heart, and can be performed as early as the eighteenth week, as the chambers of the heart can
already be visualized. The period from the twenty-fourth to the twenty-eighth week of pregnancy
is the time that increases the chance of early diagnosis of heart diseases. Some factors make it
difficult to perform the test, such as excess amniotic fluid and high body weight in pregnant
women. Thus, because it has a decisive, positive characteristic and good specificity, fetal
echocardiography is the gold standard for documenting cardiac malformations.!! Thus,
echocardiography is the ideal test for the recognition of congenital heart disease, but it is only
performed in the prenatal period when the pregnant woman presents some life-threatening

complication.'?®
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With regard to the above-mentioned methodologies, the echocardiogram is only
performed in the Unified Health System (SUS) when the maternal history presents predisposing
factors for a high-risk pregnancy.'® Thus, the importance of complementary prenatal exams is
revealed, because the earlier the diagnosis of congenital heart diseases is made, the more
promising the prognosis becomes, as well as the care of the newborn and the path to an effective
therapy, whether surgical or not, with the objective of increasing the life expectancy of this
newborn. !4

In addition, screening through neonatal physical examination, performed in detail by the
physician, and pulse oximetry evaluation, which can be performed by nurses, is also important.'?
Covering the period after birth, among the clinical manifestations that the newborn may present
are bluish extremities, the appearance of a heart murmur and increased heart rate.!® In neonates
without symptoms, the decrease in oxygen in the blood verified by pulse oximetry helps to
initiate the cardiac malformation protocol. After a variation in saturation is found, it is necessary
for the newborn to undergo more specific tests to establish a diagnosis.'® In this context, the
echocardiogram (ECHO) comes in, which is a sensitive diagnostic method that recognizes the
pathology and speeds up the intervention necessary to improve the prognosis.'’™®

Therefore, considering the importance of early diagnosis of intrauterine and newborn
cardiac anomalies, it is extremely important to know the best techniques available for this and
how their proper use during prenatal care is essential to develop an effective intervention as soon
as possible, in order to reduce the mortality of these neonates and improve the patient's
prognosis. Thus, this review sought to evaluate which are the most effective diagnostic methods

available in health services for the identification of appropriate anomalies, when they should be

performed and which of these are accessible to Brazilians within the scope of the SUS.

RESEARCH METHODOLOGY
RESEARCH STRATEGY

Data collection for this systematic review was carried out in July 2022, with the search
for articles indexed in the electronic databases PubMed and ScienceDirect. Articles published in
full since July 2012 in English were used. The following descriptors were used to conduct the
research: "newborns" OR: 'premature infants" AND 'congenital heart disease", OR 'congenital
heart defects" OR 'baby's heart" AND 'early diagnosis" OR "prenatal diagnosis".

The words presented were designated in the titles and abstract fields. For tracking

publications associated with the logical operators "AND" to relate terms, and "OR" to sum terms.
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On the other hand, articles on clinical trials, review articles (narrative, integrative, and
systematic), and in vitro and animal research reports, book chapters, theses, dissertations,
conference proceedings, technical reports, and ministerial documents were excluded from the
approach, as well as articles that did not address the importance of adequate diagnosis of

congenital heart disease in neonates.

EXPERIMENTAL DESIGN

Following what was proposed in the methodology, the total number of articles found in
these databases was 97, after submission to the evaluation criteria, 23 studies suitable for
systematic review resulted.

The process was carried out by searching for articles in the determined databases, and
duplicate and review articles were excluded. Sequentially, we evaluated whether the title and
abstract addressed the research theme, and then the inclusion and exclusion criteria were applied.
Subsequently, the articles were considered in their entirety, and studies that did not present a
relationship between congenital heart disease and neonates were not considered.

The tool used to assess the quality of the research and the risk of bias was the Quality in
Prognosis Studies (QUIPS), which analyzed the articles as follows: participation in the study,
abandonment of the study, evaluation of the result, clarity and objectivity of the study, and
statistical analysis. Thus, the articles were classified as having low, moderate or high risk of

bias 18th

RESULTS

According to the experimental design, the search using the aforementioned descriptors
resulted in a total of 97 articles, of which 70 were found in PubMed and 27 articles in
ScienceDirect. Of these, 21 duplicate articles and 25 review articles were excluded. Sequentially,
they were evaluated according to the title, in which fifteen elements were discarded, and by the
abstract, in which one was dismissed, as they did not address the research theme and were
submitted to the application of the inclusion and exclusion criteria. Subsequently, the articles
were considered in full, and studies that did not present a relationship between congenital heart
disease and newborns were not considered, thus eliminating twelve documents. Thus, in total,
the research effectively selected 23 publications (Figure 1).

In addition, the selected articles were evaluated using the QUIPS tool according to the

risk of bias, as shown in Table 1. None of the articles presented a high risk of bias, and all were
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in agreement with the study.

The articles analyzed were published between 2012 and 2022. Of the 23 articles, two
were conducted in Turkey (#1, #6), two in China (#2, #15), two in the United States of America
(#9, #18), two in Japan (#10, #14), two in India (#16, #19), and the remaining countries with one
study, Poland , Mexico , Germany , United Kingdom , Pakistan , South Korea (#11), Brazil
(#12), Italy (#13), Argentina (#17), United Arab Emirates (#20), Australia (#21), Spain (#22),
Chile (#23).

Among the 23 articles selected for this systematic review, eight studies evaluated the
diagnosis of CHD during prenatal care and also in neonates, five analyzed only in the prenatal

period and ten in neonates only.

PRENATAL DIAGNOSIS

In view of the articles analyzed, those that addressed the diagnosis of CHD during the
prenatal period emphasized US between 18 and 21 weeks, being performed primarily in the
second trimester of gestation before 28 weeks (#2, #3, #4, #5, #10, #11, #13, #14, #15, #17).
Similarly, the combined four-chamber and three-vessel ultrasound was discussed in four articles,
which demonstrated a relevance to the cardiac structural part (#5, #14, #15, #23). In addition,
two articles (#11, #15) mentioned the importance of NT being performed between 11 and 13
weeks + six days. In addition, fetal echocardiography is an important test that is performed
together with ultrasonography in the same period and its importance was mentioned in articles
#1, #2, #5, #12, #13, #15, #22, #23.

At this point in the fetal echocardiogram, more specific modes for analysis were
mentioned, such as color Doppler (#5, #15, #10, #11, #23), B mode (#5, #23) and also M mode
(#23). And with regard to technological innovation in the area, some research has addressed the
genetic issue, as in article #3, which pointed out the chromosomal microarray test, and #11,
which brought the screening of aneuploidies and chromosomal testing for anomalies.

When it comes to establishing a more effective method in prenatal care, US has
limitations, either because of the way the fetus is, the mother's overweight, and the professional's
technique (#10). In addition, there is a difficulty in visualizing minute structures, so the
echocardiogram is more consistent and sensitive to the diagnosis of CHD in the fetus (#15). As

well as the incorporation of color doppler for greater specificity (#11).
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DIAGNOSIS IN THE NEONATAL PERIOD

With regard to the diagnosis in the post-birth period, pulse oximetry was indicated in 16
of the 23 articles evaluated (#2, #4, #6, #7, #8, #9, #10, #13, #14, #16, #17, #18, #19, #20, #21,
#22). The articles evaluated indicated different times after birth for the performance of the test,
indicating that pulse oximetry should be performed in the first four hours of life (#19), before the
first 12 hours of life (#22), after 24 hours (#6, #8), between 24 and 48 hours of life , between 24
and 72 hours , between 48 and 72 hours (#13), up to seven days after birth or before hospital
discharge (#17).

Regarding the time that pulse oximetry is analyzed, the articles (#6, #8, #13, #16, #20,
#21) reported a decrease in false positives when it is performed after 24 hours of the newborn's
life, due to the time it is necessary to avoid physiological interference.

Also with regard to the performance of pulse oximetry in neonates, there were
divergences regarding the ideal location of the sensor, which can be placed on the right hand and
right foot , index finger of the right hand and big toe of the left foot , pre and post ductal (#8,
#22) or on all limbs (#19). It is noteworthy that in one of the articles, an automatic electronic
device was used to perform PB (#20).

If the result of the oximetry test is abnormal in the neonate, it is recommended to perform
an echocardiogram to confirm the diagnosis (#2, #4, #6, #9, #13, #16, #23). In the article ,
ECHO should be performed within 7 days and in article it is performed between the first and
fourth day of life.

Regarding the echocardiogram performed in the neonate, the objective was to reassess the
diagnosis of congenital heart disease in the prenatal period . In addition, the echocardiogram was
addressed in an article (#10), but it is not necessarily a reassessment or diagnostic confirmation
test, but rather a routine test in all neonates with or without suspicion of CHD.

The importance of cardiovascular physical examination was also pointed out (#2, #13).
The relevance of palpation of peripheral pulses along with cardiovascular physical examination
in the first 24 hours and reassessment within 48 to 72 hours (#13) has been demonstrated.

In addition to these above-mentioned tests, the use of the electrocardiogram (#13) was
discussed, which can also be performed when the pulse oximetry is altered.

Thus, the studies (#7, #10, #13, #15, #16, #17, #18, #22) reinforced that the best test
implemented as screening is pulse oximetry, due to its practicality and benefit in terms of low

cost compared to echocardiography.
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DISCUSSION

Congenital heart defects are defined as heart defects in terms of the structure or
functionality of the heart, can be severe and without an early diagnosis lead to higher mortality
of neonates.** In view of this assumption, the present study aimed to analyze the best diagnostic
methods.

The diagnosis of CHD in the prenatal period can be made with the aid of tests such as
ultrasonography, which allows the evaluation of the growth of the fetus as expected for age, the
amount of amniotic fluid present and placental aspects43, nuchal translucency that is evaluated
early in pregnancy in search of trisomies that may be related to CHD, and fetal
echocardiography, which is shown to be a more specific test, Being performed from 18 weeks of
gestation, but between 24 and 28 weeks it can present a better visualization of the fetal heart.!! In
addition to these, there are genetic tests that analyze chromosomal sequences in order to find
alterations in DNA 44

Regarding the diagnosis in the prenatal follow-up, with regard to the exams performed
during the fetal period, it was elucidated that ultrasound related to fetal echocardiography has
good sensitivity to detect abnormalities.* From this perspective, it was elucidated that there are
three types of Doppler that correlate with cardiac malformations, namely: B-mode, M-mode, and
color Doppler.*! Exemplifying the peculiarities of each one, it is possible to regulate the wave
frequencies and the type of operating mode to better suit the proposed situation. Mode B is used
to distinguish the echogenicity of structural scopes by contrasting the illustration. This method
has prominence because it allows the image to be renewed at every moment by the computer,
providing images in two dimensions, in a more immediate and functional way. In what adheres
to the M mode, it is used in echocardiography because it is related to much higher resolution
images to evaluate the functionality of cardiac structures.**™

One finding that surprised the authors was the delimiting accuracy of the USG
visualization of four chambers of three vessels cited in one of the research articles, which reports
good detection of abnormalities in the structure of the heart, but without significant predictive
value regarding changes in the valves. However, color Doppler examination showed good
observation of valvular dysfunction covering this aspect of CHD.>? This is justified by the fact
that the color doppler grades the blood flow, the fitness of the heart valves, and the integrality of
the septum.*’™

As found in the research, it was noted that the diagnosis of congenital heart diseases in

the prenatal period is related to a better prognosis for the newborn because, if necessary, it is
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possible to plan a therapeutic interference in 48 hours, thus obtaining a decrease in the death of
the neonates.?> As well as instructing the pregnant woman about the diagnosis and directing them
to specialized teams, with the elaboration of a viable delivery room for the newborn.*3

For the diagnosis of CHD in prenatal follow-up, the best period for performing the nuchal
translucency examination is between 11 and 13 weeks and 6 days of gestation29 and fetal
ultrasonography should be performed from 18 weeks22, primarily associated with fetal
echocardiography, performed between 20 and 24 weeks.*™

In relation to the Unified Health System, the fetal echocardiogram is only performed
when the pregnant woman has some risk factor that fits her into the high-risk protocol, if she
does not have one, this test with greater specificity will only be available in the private
network.'®> Concomitantly, in places where fetal echocardiography is recommended in all
pregnant women, the identification of CHD is more significant. This model available in Brazil
has a negative impact on the early diagnosis of CHD, as many pregnant women without possible
complications end up with underreported sick fetuses.>*"

The early detection of the malformation enables the psychological preparation of the
parents for situations arising from the complication and improves the management of the patient
in the delivery room, with the availability of intervention measures.>’®

When greater technology and financial availability are available, genetic testing can be
performed on the parents and fetus in order to address joint chromosomal disorders and
aneuploidies.’ In this context, one of the most current methods is the chromosomal microarray
test, which evaluates genome duplications and chromosomal loss mutations.?!* > The importance
of the discovery in the gestational period improves the prognosis of patients, either by possible
early interference and referral to specialized services.®

In the postpartum period, diagnostic tests such as pulse oximetry can be performed, a test
that does not entail any painful, quick, cheap and good sensitivity process. Contributing to the
diagnosis, cardiovascular examination along with oximetry increases detection rates. In this
sense, to prove the existence of a defect in the heart of the neonate, the echocardiogram is
available, a more expensive and more specific method for diagnosis.>* In addition to these tests,
the electrocardiogram can be used as a complementary method in the diagnosis.*’

Basic evaluation measures in the neonate, such as physical examination of the newborn
and cardiac auscultation in the first hours20 and the notoriety of repeating the examination

between 48 and 72 hours, and the possibility of palpating precordial thrill and peripheral

pulses3 1, optimize a complete investigation of the clinical picture. Together, it is worth noting
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that the professional's verification allows the identification of the presence of cyanosis in

peripheral limbs or central pulmonary involvement.33™

In addition to the neonatal exam, pulse oximetry (OP) is performed, also known in Brazil
as the little heart test, which has been widely recommended within the SUS since 2014, when it
was implemented.’® OP is a test performed for functional analysis of the cardiopulmonary system
by placing an oximeter in the upper and lower limbs, comparing them with each other.'®:
Regarding the location and period of investigation, there are divergences between the articles
studied, and in Brazil the measurement should be made in the right upper limb (preductal) and
any lower limb (postductal) between 24 and 48 hours of life.** However, LUNA et al. (2018)
highlight that PB should be performed before 12 hours of life, however this approach increases
the chance of a false positive result, as the baby's ductus arteriosus completes its closure after 12
to 15 hours of birth.3*>4

Pulse oximetry in Brazil is considered altered or positive when saturation is less than
95%, or a margin of discrepancy between upper and lower limbs greater than or equal to 3%, and
the test should be repeated; If the variation persists, a confirmatory echocardiogram must be
performed.* In comparison, in Spain a level below 90% is considered an abnormal result, with
PO being highly positive, relatively positive between 90 and 94%, and normal, if above 95%.*
In this sense, the test is a strong method for detecting congenital heart disease in neonates, in
addition to being more accessible and cheaper.?® The implementation of pulse screening in
countries such as the United States of America, Finland, Sweden, Norway and China has
optimized the identification of disorders in asymptomatic neonates.>®

From an altered pulse oximetry, we look for methods that confirm the diagnosis in a more
specific way, so we have the echocardiogram that can investigate and analyze in more detail the
cardiovascular system of the newborn, as it is a resource that allows checking the heart, its main
arteries, structures and functionality.?*>’ From the Brazilian perspective, ECHO should be
performed within 24 hours in these cases.’*

The implementation of echocardiographic screening in babies in the first days of life is
relevant, however, because it has a more prominent cost, it is not feasible to perform it in great
demand in hospitals, in addition to overloading specialist professionals. 288

Another alternative mentioned in the search for an adequate and early diagnosis was the
performance of an electrocardiogram to complement the preconceived diagnosis.*! The
electrocardiogram is a method that records/evaluates the electrical activity in the heart, being

easy to manage and inexpensive.>’
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Therefore, a cardiac reassessment after screening tests should be performed, as a small
fraction of abnormalities may go unnoticed but still possess considerable clinical value.
Therefore, establishments that have this procedure as a routine reduce the risks of a newborn

being discharged without an effective diagnosis.'?

CONCLUSION

Early diagnosis of CHD improves the prognosis of life of neonates, as the risk of
mortality of individuals in the first year of life is high. Therefore, special attention and adequate
training of health professionals are necessary, effective prenatal screening, oximetry performed
at the appropriate time and in the correct way, in addition to the availability of specialist

professionals and more advanced tests for differential diagnosis and hospital referral.
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ATTACHMENT

Figure 1: Flowchart of the research design.
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Table 1: Results of the risk of bias assessment of the 23 selected articles (QUIPS tool).
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Caption: CC, congenital heart disease; TN, nuchal translucency; USG, ultrasonography; OP, pulse oximetry
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