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Perinatal cardiovascular care has evolved considerably to become its own multidisciplinary field of care. Despite
advancements, there remain significant gaps in providing optimal care for the fetus, child, mother, and family.
Continued advancement in detection and diagnosis, perinatal care and delivery planning, and prediction and
improvement of morbidity and mortality for fetuses affected by cardiac conditions such as heart defects or
functional or rhythm disturbances requires collaboration between the multiple types of specialists and providers.
The Fetal Heart Society was created to formalize and support collaboration between individuals, stakeholders,

and institutions. This article summarizes the challenges faced to create the infrastructure for advancement of the
field and the measures the FHS is undertaking to overcome the barriers to support progress in the field of

perinatal cardiac care.

1. Introduction

Perinatal cardiovascular care including imaging of the fetal heart has
evolved considerably over the past few decades and is now established
as its own multidisciplinary field of care “bridging the gap and providing
continuity of care for the fetus, child, and mother.” [1,2]. Fetal cardiac
imaging has benefited from significant technological advancements in
two-dimensional imaging and Doppler echocardiography in obstetrics
and pediatric cardiology since its inception [3-5]. Acquisition and
interpretation of serial fetal imaging have enhanced the understanding
of the natural history of cardiac lesions in fetal life [6-9]. More recently
this knowledge has led to efforts to critically evaluate our ability to
affect the natural history of some types of fetal cardiac disease [10].
Advances have also allowed pediatric cardiologists and maternal fetal
medicine specialists to work together to better understand cardiac
physiology in high risk fetal or maternal conditions that affect preg-
nancy [11,12].

The main goals of perinatal cardiac care are to optimize care on
many fronts including improving the accuracy of detection and diag-
nosis, predicting in utero and postnatal outcomes, risk stratifying fetal

patients to inform perinatal care and delivery planning, supporting and
counseling affected families, and altering disease course if applicable,
with fetal treatment. While significant advances have been made in
these areas, there are still many gaps in achieving and optimizing these
goals. Since the field of fetal cardiology spans multiple specialties and
provider types, multidisciplinary collaboration is essential to achieve
continued progress towards these goals. Such a collaborative approach
has resulted in the most recent consensus American Heart Association
(AHA) Statement on Diagnosis and Treatment of Fetal Cardiac Disease
[13], the Joint Opinion of the International Fetal Medicine and Surgical
Society and the North American Fetal Therapy Network [14], and recent
American Institute of Ultrasound in Medicine (AIUM) Practice Param-
eter for the Performance of Fetal Echocardiography. [15] The benefit of
formalizing such efforts with a multidisciplinary organization has
gained recognition [16], and it is clear that an infrastructure facilitating
continued collaborative efforts is important to address the challenges
and gaps to providing optimal prenatal diagnosis and care, and move the
field further forward.
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1.1. Challenges to advancements in fetal cardiovascular care

A primary challenge to optimizing diagnostic capabilities and care of
the in utero cardiac patient is the lack of rigorous studies and therefore
the lack of strong evidence-based data on which to base counseling and
care. Multiple factors contribute to this, including the fact that heart
disease in the fetus is relatively rare [17], care varies by center, multi-
center collaboration in fetal cardiology has been uncommon, and fetal
cardiology as a field has often not been able to obtain sufficient research
funding to support multi-center studies. The Pediatric Heart Network is
an NIH-funded national research collaborative that is one of the few
groups that has successfully conducted funded multicenter pediatric
cardiology studies in the United States. This group serves as an excellent
example that rigorous studies can be successfully performed in
congenital cardiology. However, performing a query of indexed PubMed
studies 2015-2019 including “prenatal” or “fetal” and “echocardiogra-
phy” or “cardiology” show that to date less than 3% of published studies
in fetal cardiology are multicenter [18]. In addition, it should be noted
that most of the recommendations and practice protocols in the AHA
Fetal Cardiac Diagnosis and Treatment Statement are based on single
center studies, case studies, or expert consensus (level of evidence B or
C) and not multicenter studies or randomized case-control investigations
[13]. In response to this limited data, a handful of single centers have
initiated collaborative multicenter studies for defects such as fetal
Ebstein anomaly or tricuspid valve dysplasia [19] and isolated complete
atrioventricular block [20]. These studies, by including multiple centers,
have been able to enroll a larger number of fetuses to identify key fetal
predictors of morbidity and mortality while accounting for known
confounders. While most such multicenter collaborations have been
retrospective, there have also been a smaller number of prospective
studies undertaken such as that investigating the use of home moni-
toring for the surveillance of SSA related complete atrioventricular block
[21]. Further, collaborative registries have organized prospective
collection of fetal cardiac data. The International Fetal Cardiac Inter-
vention Registry (IFCIR), in particular, is collecting data on maternal-
fetal dyad referred for fetal cardiac interventions from 39 centers in
18 countries, pooling procedural and maternal and fetal outcome data
[22-25]. Similarly, the Fetal Atrial Flutter and Supraventricular
Tachycardia (FAST) registry is collecting data on tachyarrhythmia
treatments and outcomes from 43 centers in 13 countries [26,27]. The
FAST trial importantly also encompasses the first international ran-
domized controlled multicenter fetal trial on therapy for fetal tachy-
cardia. Harnessing the power of prospective data collection at multiple
centers allows for more robust and adequately powered observational
studies in our field.

Despite these significant accomplishments, the many challenges to
collaborative research have likely prevented many other such studies
from being undertaken. Individual centers establishing multicenter
collaborations must navigate challenging and often variable regulatory
requirements or “paperwork” and cope with often complex technical
aspects for data transfer and sharing across institutions. The infra-
structure to support these efforts is lacking at many centers. An addi-
tional concern is that individual or center driven efforts may not always
be open to equitable participation and be based only on established
relationships without an open playing field where centers can network
and communicate. Furthermore, academic structures do not always
reward multicenter collaborative efforts, taking note of only “first” or
“senior” author publications. Finally, even when rigorous research ex-
ists, unified multidisciplinary dissemination of knowledge and advocacy
to ensure its incorporation into clinical care is often lacking.

2. The Fetal Heart Society
To address these challenges, the Fetal Heart Society, Inc. (FHS) was

established and incorporated as a 501c non-profit organization in
October of 2014. The mission of FHS as outlined in its bylaws is:
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e To advance the cause of research and education relating to the field
of fetal cardiology and other reasonably related medical or scientific
pursuits

e To promote and encourage the development and advancement of the
field of fetal cardiovascular diagnosis, management, and therapy

e To promote the establishment of mutually beneficial relationships
among the FHS members to enable the sharing of ideas and research
collaboration

e To foster and facilitate multicenter research and collaboration, and

e To advance the field of fetal cardiovascular science and clinical
practice by the establishment of a Fetal Cardiovascular Research
Collaborative within the Society’s auspices.

Since its inception, membership has grown to include 285 members
across specialties and provider types representing 100 institutions and
12 countries (Fig. 1). Institutional sponsorship of the FHS was initiated
to enable individual centers the opportunity to support the efforts of the
Society including collaborative fetal cardiovascular research, multidis-
ciplinary education, and advocacy efforts. Currently, 16 institutions
have joined, giving their staff, including physicians, nurses, sonogra-
phers, and trainees the advantages of membership, including access to
senior members and experts in the field (Table 1).

In pursuit of their mission, the FHS leadership and its members have
identified several priorities/gaps in the field of fetal cardiovascular care
which can be summarized as follows:

1. Improving diagnosis and detection

2. Improving the understanding of fetal cardiovascular hemodynamics,
the progression of disease, and factors that predict outcomes

3. Standardizing protocols for fetal cardiac imaging and management
across disciplines and

4. Advancing fetal therapy

The pursuit of these priority objectives is supported by a collabora-
tive approach within the three main pillars of the Society - Research,
Education, and Advocacy (Fig. 2).

2.1. Improving diagnosis and detection

The accuracy of fetal echocardiography, for those referred due to
maternal or fetal risk factors or suspicion for CHD on screening ultra-
sound, has improved greatly in diagnosing most complex CHD in the
second trimester [28,29]. Diagnoses of more challenging defects such as
total pulmonary venous return and coarctation remain limited with
room for progress [30,31]. In addition, providing earlier diagnosis of
CHD in the fetus (particularly for high risk mothers) is an active area of
study as is improving the ability to assess fetal cardiac anatomy and
function with advanced techniques such as tissue Doppler, strain and
three-dimensional imaging [32-37].

However, the goal of “advancing the art and science of fetal car-
diovascular medicine” continues to be hampered by continued low rates
of prenatal detection of CHD on screening ultrasounds in low risk
mothers [[38]]. Understanding the prenatal progression of disease,
establishing appropriate perinatal care and delivery planning, and risk
stratifying patients to optimize outcomes all depend on early detection
of fetal CHD. While prenatal detection rates have been slowly improved
over time, detection of CHD before birth remains low both nationally
and internationally [[39-41]]. Reducing the inadequacy in prenatal
detection is a key priority of the FHS and requires engagement and
interface with frontline providers who perform obstetric screening ul-
trasounds. To address this, the FHS membership has recognized the need
to address this issue on multiple fronts at both ends of the spectrum:
from research studying the socioeconomic barriers to prenatal detection
to supporting efforts to develop novel interventions to improve detec-
tion (Table 2). The FHS has also developed educational lectures on
protocols and performance of screening ultrasounds and is playing a key
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Fig. 1. Distribution of Fetal Heart Society (FHS) members by field and specialty of practice. MFM — Maternal fetal medicine specialist.

Table 1
Fetal Heart Society institutional sponsors as of August 2020.

Institution*®

Children’s National Hospital, Washington DC
University of California San Francisco Benioff Children’s Hospital
University of Utah

Sick Kids, Toronto

Stanford Children’s Health

Mount Sinai Hospital

Ann and Robert H. Lurie Children’s Hospital of Chicago
Children’s Minnesota

Columbia University Medical Center

Texas Children’s Hospital

Children’s Health, Dallas

Phoenix Children’s Hospital

Arkansas Children’s

Cincinnati Children’s

Kentucky Children’s Hospital

Nemours Cardiac Center

" Institutions are listed in the general order in which they joined as sponsors.

role in advocacy efforts to emphasize the importance of recognizing this
most common birth defect in utero to improve outcomes after birth
[[42-441].

2.2. Improving understanding of fetal cardiovascular hemodynamics, the
progression of disease and factors that predict outcomes

The goals of fetal cardiac assessment include enhancing the under-
standing of fetal hemodynamics, predicting outcomes in utero such as
fetal demise, identifying requirements for a successful delivery room
transition including the need for postnatal interventions, and mini-
mizing postnatal morbidity and mortality [45-48]. Accurate risk strat-
ification and outcome prediction has been achieved with varying success
depending on the lesion often due to limited numbers [45,49,50] and
may not always be generalizable from single center studies due to var-
iations in practice. By prioritizing multicenter research and establishing
an infrastructure for its conduct (see Research below), the FHS hopes to
overcome these limitations.

2.3. Standardizing fetal cardiovascular imaging and management

The indications for referral, the technical requirements for imaging,
and protocols for the performance of fetal echocardiography have varied
across published guidelines from individual professional organizations

RESEARCH

Fig. 2. Fetal Heart Society (FHS) Pillars. The three pillars of Research, Edu-
cation, and Advocacy are central to achieving the FHS missions.

that support professions that perform prenatal ultrasound. These orga-
nizations include the American Institute of Ultrasound in Medicine
(AIUM) [51], the American Society of Echocardiography (ASE) [52], the
International Society of Ultrasound in Obstetrics and Gynecology
(ISUOG) [53] and the Association for European Pediatric Cardiology
[54]. Since fetal echocardiography can be performed by a variety of
providers with different training experiences including pediatric cardi-
ologists, radiologists, obstetricians, and maternal fetal medicine spe-
cialists, it is critical to strive towards protocols which standardize the
technical requirements, imaging views, sweeps and components, and
reporting practices to ensure the provision of equal and optimal care.
Appropriate monitoring and delivery planning for the fetus with
CHD are critical to providing optimal care; however, protocols are not
standard across institutions [10,55,56]. Center-specific delivery room
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Table 2

Active Fetal Heart Society research studies.

Project title

Lead institution

Study design

Summary

Prenatal predictors
of postnatal
outcome in
pulmonary atresia
with intact
ventricular septum

Mitral valve
regurgitation in
the fetus

Impact of
socioeconomic
and geographic
factors on
diagnosis of HLHS
and dTGA

Risk stratification in
twin-twin
transfusion
syndrome: the
importance of
mitral
regurgitation

Fetal
echocardiographic
Z-score project:
Feasibility study

Normal fetal strain
values — Ancillary
study to Z-score
project

University of
Utah/Primary
Children’s
Hospital

Texas
Children’s
Hospital

Children’s
National
Hospital

Lucile Packard
Children’s
Hospital and
University of
California San
Francisco

Lucile Packard
Children’s
Hospital and
Primary
Children’s
Hospital, and
Children’s
National
Hospital

University of
Utah/Primary
Children’s
Hospital

Retrospective
cohort with
core imaging
analysis

Retrospective
cohort with
core imaging
analysis

Retrospective
cohort

Retrospective
cohort with
core imaging
analysis

Retrospective
cohort with
core imaging
analysis

Retrospective
cohort with
core imaging
analysis

Aims to identify
longitudinal growth
of structures and
fetal
echocardiographic
predictors of post-
natal outcomes in
pulmonary atresia
Aims to describe
longitudinal changes
and outcomes in
fetuses with
congenital moderate
to severe mitral
valve regurgitation,
either in isolation or
in combination with
other left-sided
obstructive lesions/
conditions. Also aims
to evaluate
predictors of fetal
and infant survival,
and to describe fetal
cardiac interventions
Aims to determine
whether
sociodemographic or
geographic
characteristics are
associated with
lower rates of
prenatal diagnosis of
hypoplastic left heart
syndrome and
transposition of the
great arteries

Aims to examine the
association between
mitral regurgitation
and perinatal
mortality and
morbidity in
monochorionic,
diamniotic twin
fetuses with
advanced (Stage III-
IV) twin-twin
transfusion
syndrome

Aims to determine
evaluate
measurements and
calculations in a
normal fetal
echocardiogram
obtained in a clinical
setting in order to
determine the
appropriate sample
size needed for a
larger Fetal
Echocardiographic
Z-Score Project

Aims to determine
the feasibility and
reproducibility of
measuring right and
left ventricular strain
in healthy fetuses
from a normal
echocardiogram
obtained in a clinical
setting in order to

Table 2 (continued)
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Project title

Lead institution ~ Study design

Summary

Fetal anatomy and
physiology and
associations with
fetal and perinatal
outcomes in DTGA
with intact
ventricular septum

Pre and postnatal
outcome following
fetal diagnosis of
congenitally
corrected
transposition of
the great arteries
and impact of
associated lesions
on outcome

Fetal hemodynamics
in coarctation of
aorta by fetal
echocardiography
and computational
fluid dynamics
simulation

Computational
analysis of fetal
echocardiogram

Perinatal outcomes
of prenatally
diagnosed truncus
arteriosus

Lurie Prospective
Children’s observational
Hospital, cohort
Children’s

National

Hospital,

Vanderbilt

University

Medical Center,

Children’s

Hospital of

Philadelphia

Mount Sinai
Hospital

Retrospective
cohort with
core imaging
analysis

St. Retrospective
Christopher’s cohort with
Hospital for core imaging
Children analysis

University of
California San

Retrospective
cohort with

Francisco core imaging
analysis

Lurie Retrospective

Children’s cohort

Hospital of

Chicago

determine the
appropriate sample
size needed for a
larger study aimed at
establishing normal
strain values in the
fetal population
Anatomic arm: Aims
to identify
associations between
prenatal
characteristics and
fetal/postnatal
outcomes

Hyperoxia arm aim:
Aims to describe the
physiologic and
anatomic response to
maternal
hyperoxygenation
and its associations
with fetal and
postnatal outcomes
Strain arm aim: Aims
to evaluate fetal
myocardial strain
patterns and
associations with
fetal /postnatal
outcomes

Aims to assess
outcomes in patients
with a prenatal
diagnosis of
corrected
transposition of the
great arteries and
determine if fetal
echocardiographic
findings are
associated with
outcome

Aims to pursue
computational fluid
dynamics simulation
of aortic arch and
isthmus using images
from fetal
echocardiography,
and aims to
investigate fetal
hemodynamic
determinants of
coarctation of aorta
Aims to refine a
computer model that
distinguishes normal
fetal hearts from
fetal hearts with
CHD and to train a
model that can
distinguish among
CHD lesions

Aims to report
perinatal outcomes
of patients prenatally
diagnosed with
truncus arteriosus

CHD - congenital heart disease, HLHS — hypoplastic left heart syndrome, dTGA —
d-transposition of the great arteries.
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protocols have been shown to improve transitions from fetal to neonatal
life as well as communication among multispecialty teams involved in
the care of these families [57]. Appropriate surveillance and timing of
delivery can be especially challenging when competing conditions
coexist in fetuses with CHD including additional non-cardiac defects,
placental insufficiency, or growth restriction. No clear guidelines for
perinatal surveillance in particular currently exist resulting in wide
variation in practices [13]. As a multidisciplinary society, the FHS can
work with key stakeholders across other vested organizations to address
these gaps in care standards (see Advocacy below).

2.4. Advancing fetal therapy

Increased understanding of the natural history and evolution of
cardiac disease in the fetus has also led to efforts to alter the in utero
course of CHD in certain conditions. In utero invasive interventions for
severe pulmonary stenosis or pulmonary atresia with intact ventricular
septum to prevent single ventricle physiology or for HLHS with intact
atrial septum to improve mortality have been studied but are limited by
relatively small numbers and experience to make robust conclusions
regarding utility [24,58-60]. Fetal aortic valvuloplasty for aortic ste-
nosis with evolving HLHS, the most extensively studied [61,62], has
been associated with an increased likelihood of biventricular repair
compared to those with no intervention or an unsuccessful intervention,
but impact on long term outcomes is still variably reported [22,63-65].
The FHS and its members are committed to supporting continued
multicenter research collaboratives as well using its infrastructure to
facilitate collaborative multicenter prospective studies into novel ther-
apies such as the use of maternal nonsteroidal anti-inflammatory drugs
to promote ductal restriction in severe fetal Ebstein anomaly [18,66].

3. Research infrastructure

To address the above gaps in knowledge, a primary mission of the
FHS is to support continued collaborative research in fetal cardiovas-
cular hemodynamics, the progression of disease, and factors that predict
outcome in CHD. Housed within the infrastructure of the FHS is the
Research Collaborative Committee whose purpose is to oversee a
formalized process to solicit, review, and provide feedback for fetal
cardiovascular study protocols (Fig. 3). To streamline the process for
multicenter studies, the FHS utilizes a Data Coordinating Center (the
University of Utah DCC) to provide consistent and reliable support for
research. The DCC provides comprehensive project management
including overseeing regulatory requirements such as Business Use
Agreements, Data Use Agreements, and Institutional Review Boards for
participating institutions and coordinating the preparation of regulatory
documents that can be used across multiple studies. With centralized
data management and informatics expertise, the DCC serves as the re-
pository for clinical and imaging data, aids in the creation of databases
and forms, performs data queries and quality checks, and provides on-
line training for data entry. The DCC is also able to provide clinical
research design and statistical expertise to aid study investigators with
study design and implementation. Currently, the FHS supports multiple
investigator initiated multicenter studies (11 studies to date, Table 2)
both retrospective and prospective in design. Another important benefit
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is that the opportunities for research funding are likely to be increased
with multicenter studies, due to increased patient numbers, and the
support of seasoned investigators with an established track record in
obtaining grant funding. Thus far, funding has been successfully ob-
tained for a prospective study of fetal d-TGA initiated by three in-
stitutions working together to approach the diagnostic challenges of
predicting outcomes from multiple vantage points (Mend a Heart
Foundation).

4. Education

The educational mission of the FHS is essential for continued
advancement in the field of fetal cardiovascular medicine. Given the
multidisciplinary nature of the field, educational efforts must span
current providers and trainees across disciplines and provider types.
These include but are not limited to sonographers, physicians, nurses,
and other allied providers in pediatric cardiology, maternal fetal medi-
cine, general obstetrics, and radiology who screen for and provide care
to families affected by fetal cardiac disease. While educational offerings
exist to different extents from professional organizations within these
disciplines, the FHS has embarked on creating a core curriculum on
prenatal cardiology for all levels of practice including screening for
CHD, basic fetal echocardiography, and advanced fetal echocardiogra-
phy and perinatal cardiac care.

For sonographers and obstetricians, the screening curriculum prior-
itizes advancing knowledge and skills to increase the detection of CHD
in the low risk patient. The education initiatives for specialists in fetal
cardiology are broader and encompass a large variety of subjects
including 1) detailing the technical aspects of cardiovascular imaging, 2)
assessing critical imaging features that predict outcomes for specific
CHD, 3) creating content and a standardized approach to counseling
families, 4) detailing strategies to reduce sociodemographic disparities,
and 5) optimizing communication and collaborative care between spe-
cialties. In addition, the FHS Education Committee has expanded on the
efforts of a sponsoring institution (Stanford University) to create CHD
specific provider information sheets that collate the most recent data on
incidence, fetal imaging predictors of outcome, available fetal in-
terventions, prognosis, and associated problems [67]. The FHS has
pursued these education efforts with the assistance of several educa-
tional grants (GE Healthcare).

More recently, the FHS began a monthly webinar to supplement the
website lecture series. The content of the webinar is directed towards all
levels of practice and covers multiple topics including a review of
guidelines for the performance of fetal echocardiography, a lecture on
advanced arrhythmia management, a journal club discussion of ge-
netics, and presentation of a series of interesting and challenging fetal
cases. Building on its collaborative foundation, the FHS has had the
opportunity to partner with several organizations to plan the fetal
educational content for national and international conferences including
the first fetal track in the upcoming World Congress in Pediatric Car-
diology and Cardiac Surgery in 2021.

5. Advocacy

The FHS has worked with key stakeholders across institutional

3. Solicit FHS

1. Submit Concept
'/ Proposal

at quarte
meetings

members for study
_/group for accepted
proposal

4. Prepare and
submit full proposal
with study group

database

Fig. 3. The Fetal Heart Society (FHS) research review process. The research review process is overseen by the Research Collaborative Committee (RCC). The process
steps include submission of a concept proposal, review by the RCC, convening of a collaborative study group from FHS members, preparation and submission of a full
proposal responsive to RCC feedback with the study group and upon approval, working with the FHS Data Coordinating Center (DCC) on the preparation of reg-

ulatory documents and database creation.
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organizations to decrease variation in the practice and performance of
fetal echocardiography and perinatal care of fetuses affected by car-
diovascular conditions. Collaborative input from across these organi-
zations was sought and incorporated into the recent AIUM Practice
Parameters for Fetal Echocardiography [15]. To ensure the quality of
care in the transition period from fetus to neonate, the FHS is collabo-
rating with the Neonatal Heart Society, an international society dedi-
cated to the care of neonates with cardiac disease, in the creation of
fetal/neonatal cardiac guidelines for care. Finally, the FHS has worked
with ASE and the Society of Pediatric Echocardiography to generate
guidelines in response to COVID-19 that included pandemic modifica-
tions for indication, timing, and performance of fetal echocardiograms
to reduce exposure and assure the safety of staff and patients.

Advocating for the multidisciplinary resources required to provide
optimal care to fetuses and families affected by fetal cardiovascular
disease has been critical in recent years. It has led to the inclusion of
genetic counselors, social workers, palliative care teams, and psychol-
ogists in the cadre of providers supporting and caring for these families.
Continued advocacy for the need for psychosocial support for families is
required across disciplines in our field as our understanding increases of
how such interventions improve both mental and physical health
[68,69]. Including these as metrics for centers of excellence will raise the
bar for practice in our field. The FHS will serve to coalesce and lend
weight to such crucial requests as an institutional single voice.

6. Conclusion

The field of perinatal cardiac care has achieved significant advances
since its inception more than four decades ago. Within this history,
tremendous opportunity for further progress exists in the pursuit of
optimal care of patients and families. The continued evolution of the
field of fetal cardiology will proceed much faster with multidisciplinary
collaboration in investigation, education, and advocacy. The Fetal Heart
Society is at the forefront of the effort to foster such collaboration and
provide the infrastructure and support to succeed.
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