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Abstract: Hydrops fetalis describes a pathologic over accumulation of fluid affecting multiple organs of the fetus or neonate. It is
a rare condition with numerous etiologies, including many rare diseases. Causes of hydrops fetalis vary regionally based on prevalence
of inheritable conditions and availability of RhD immune globulin to prevent immune iydrops fetalis. In some instances, the etiology
remains unknown despite extensive evaluation. Overall, the prognosis is extremely poor, but it is also extremely variable and full
recovery is possible. Prenatal management includes evaluation to determine etiology, which can provide prognostic value for
counseling and medical decision-making. Diagnostic work-up often includes genetic testing with increasing evidence supporting the
use of exome sequencing. Depending on the etiology, targeted therapies may be available or in development. Postnatal management
emphasizes supportive care as diagnostic work-up continues. Perinatal palliative care plays an essential role for families affected by
this challenging condition.
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Introduction

Hydrops fetalis is defined as excessive, pathologic fluid accumulation within two or more tissues or body cavities
including the peritoneal cavity, pleural space, pericardial sac, and skin. Placentomegaly and polyhydramnios are also
common findings but not part of the clinical diagnostic criteria.' Various underlying disease processes can lead to the
development of Aydrops fetalis, including both immune and nonimmune-mediated etiologies. Immune hydrops fetalis,
also known as erythroblastosis fetalis, occurs in the setting of hemolytic disease of the fetus and newborn (HDFN) which
can lead to severe anemia. Nonimmune hydrops fetalis may occur as a result of a wide spectrum of underlying etiologies
including cardiac abnormalities, aneuploidy, hemoglobinopathies, lymphatic malformations, and congenital infections,
among others.> Through this review, we aim to provide a comprehensive summary of hydrops fetalis epidemiology,
pathophysiology, diagnosis, and management as a reference for maternal fetal medicine and neonatal providers and

trainees.

Incidence

The overall incidence of hydrops fetalis has remained stable for the past five decades at an estimated 1 in 1500 to 3800
births, despite a significant decrease in the proportion of immune hydrops fetalis in high-income countries from 80% to
less than 10% following the advent of maternal RhD immunoglobulin therapy in the 1960s.! Nonimmune hydrops fetalis
is estimated to affect 1 in 1700 to 3000 pregnancies but only 1 in 4000 live births due to the high incidence of intrauterine
fetal demise and pregnancy termination.* However, such estimates may be inaccurately high due to selection bias
towards high-risk pregnancies in the literature. Larger population birth registry studies from the United States
(California) and Sweden estimate a much lower rate of hydrops fetalis of 1.6 to 2.5 per 10,000 live births.”
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Pathophysiology
Various aspects of fetal physiology contribute to the risk of interstitial fluid accumulation relative to lymphatic drainage
which characterizes hydrops fetalis. The revised Starling equation describes how intravascular fluid balance is regulated
by relative differences in oncotic and hydrostatic pressures between the intravascular and interstitial spaces (Figure 1).”*
Fetal total body water and extracellular fluid content are higher than in the neonate and infant. This additional free fluid
may contribute to the risk of developing hydrops fetalis.” Additionally, the endothelial glycocalyx layer that lines blood
and lymphatic vessels is more permeable when newly formed in the fetus, especially following inflammation or
ischemia.”? The immature fetal lymphatic system, which drains excess fluid from interstitial to intravascular compart-
ments, may not keep pace with fluid accumulation or may be damaged or obstructed.'®'! The compliant interstitial
compartments in the fetus can also accommodate more fluid, leading to the accumulation seen in hydrops fetalis.”
Etiologies of hydrops fetalis encompass failures in the above fluid regulation mechanisms. The four primary
mechanisms that contribute to the development of Zydrops fetalis are as follows: (1) increased capillary hydrostatic
pressure, (2) reduced plasma oncotic pressure, (3) obstructed lymphatic flow, and (4) damaged peripheral capillaries.*'
Although one feature typically predominates depending on the specific underlying etiology, the multiple mechanisms of
fetal fluid regulation interact and contribute to fluid accrual (Figure 2). Additionally, multiple disease processes may
coexist within the same fetus. For example, Trisomy 13 and 18 are associated with lymphatic flow disorders and
congenital heart disease, both conditions can result in hydrops fetalis. In contrast, for some conditions, such as myotonic
dystrophy, the precise mechanisms that lead to Ahydrops fetalis are unclear.

Etiologies
Immune Hydrops Fetalis
Immune hydrops fetalis or erythroblastosis fetalis is the pathophysiologic outcome of progressive red blood cell
destruction resulting in severe anemia that overwhelms the capacity of extramedullary tissue to compensate.! The
majority of cases are due to alloimmunization (antibody formation) in a Rhesus factor-D (RhD)-negative mother with
an RhD-positive fetus causing HDNF; however, alloimmunization due to other red blood cell antigens is possible.’
Severe fetal anemia, defined as an estimated fetal hemoglobin less than five grams per deciliter, is associated with the
development of hydrops fetalis."> The mechanism is believed to be multifactorial including high-output cardiac failure,
liver dysfunction, and fetal hypoxemia.'

Maternal treatment with RhD immunoglobulin effectively prevents exposure of the maternal immune system to the
RhD antigen on fetal red blood cells.'* This prevents the maternal immune system from generating RhD antibodies that
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Figure | Revised Starling forces describe mechanisms of interstitial fluid accumulation in hydrops fetalis. Red text describes relative direction of different contributors to the
equation. Green text describes specific fetal physiology that contribute to susceptibility and development of hydrops fetalis. Data from these studies.”””
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Figure 2 Contributing mechanisms to hydrops fetalis and examples of etiologies. For any given etiology, a specific mechanism may predominate but all mechanisms operate
interconnectedly.

would transfer to the fetus and result in fetal hemolytic anemia. Maternal sensitization in countries where RhD
immunoglobulin is accessible is rarely encountered. However, the disease burden of RhD alloimmunization remains
high globally.'>!'® Publication bias towards reports from high-income countries may underrepresent the ongoing burden
of immune hydrops fetalis, given that its prevention is dependent upon access to RhD immunoglobulin. For example,
a recent case series of 62 neonates with hydrops fetalis from Turkey reported that 28 cases (45.2%) were immune-

mediated compared to the incidence of less than 10% reported elsewhere.'!”

Non-Immune Hydrops Fetalis

Knowledge of the relative predominance of specific causes of nonimmune Aydrops fetalis is limited by the rarity of cases
and lack of centralized registries to monitor and consolidate information. Based on published data, the most common
etiologies of nonimmune Aydrops fetalis are cardiovascular (20.1%), lymphatic dysplasia (15%), hematologic (9.3%),
and chromosomal (9%) (Figure 3).'"® A summary of diagnoses and their proposed primary mechanisms resulting in
hydrops fetalis can be found in Table 1.

Historically, the underlying cause has remained unknown in as many as 15 to 20% of cases of nonimmune hydrops
fetalis, but diagnostic accuracy continues to evolve over time with improved testing capabilities including exome
sequencing.'®?° Lysosomal storage diseases represent a substantial proportion of cases and may underliec 8% of
nonimmune hydrops fetalis cases previously believed to be idiopathic.?' Geographical location and population char-
acteristics also play a role in the prevalence of specific diagnoses. For example, in a recent review of 122 cases of
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Figure 3 (A) Etiologies of nonimmune hydrops fetalis as described by Bellini et al 2009; Copyright © 2009 Wiley-Liss, Inc.'® and updated by Bellini et al 2015; © 2015 Wiley
Periodicals, Inc.'® (B) Monogenic etiologies of nonimmune hydrops diagnosed by exome sequencing (as described by Al-Kouatly et al 2023; © 2023 John Wiley & Sons A/S.
Published by John Wiley & Sons Ltd.%%). *Significant difference in proportion of cases with etiology between review in 2009 and 2015 (p<0.05).

Abbreviations: NMSK, Neuromusculoskeletal; IEM, Inborn Errors of Metabolism; CV, Cardiovascular.

nonimmune Aydrops fetalis from Thailand, hematologic etiologies predominated at 38.5% mostly due to regional
incidence of alpha thalassemia.?

Cardiovascular diseases, including structural heart defects, cardiomyopathies, arrhythmias, and arteriovenous mal-
formations (AVM), are largely believed to result in hydrops fetalis secondary to increased central venous or hydrostatic
pressure.** This can occur in the context of high or low cardiac output. Hematologic conditions resulting in severe fetal

Table | Summary of Diagnoses and Proposed Mechanism of Resultant Hydrops Fetalis Adapted from Swearingen 2020

Proposed Increased Hydrostatic Decreased Obstruction of Endothelial Damage
Primary Capillary Pressure Plasma Oncotic Lymphatic Flow
Mechanism Pressure
Diagnosis Heart failure Congenital Lymphatic dysplasia Congenital infection (eg Parvovirus,
Structural heart disease nephrotic syndrome | (chromosomal abnormalities/ | cytomegalog virus, herpes simplex
Cardiomyopathies Intestinal syndromes) virus)
Arrhythmias obstruction Cystic hygromas (associated
Vascular lesions (eg Lysosomal storage with Turner syndrome)
arteriovenous malformation) disease
Fetal anemia
Chorioangioma

Twin-to-twin transfusion
syndrome

Increased intrathoracic
pressure

Thoracic congenital anomalies
(eg, CPAM, sequestration,
CDH)

Neuromuscular disorders

Note: list is not exhaustive of all possible etiologies.
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anemia also lead to heart failure and increased hydrostatic pressure that then precipitates the findings of hydrops fetalis.**
Anemia and heart failure will also lead to tissue hypoxia resulting in endothelial damage.

Renal and gastrointestinal disorders may lead to hydrops fetalis secondary to hypoproteinemia leading to decreased plasma
oncotic pressure.’ The mechanism of hydrops fetalis from lysosomal storage disease includes splenomegaly and hepatome-
galy, leading to sequestration of fetal blood which lowers oncotic pressure.”’ However, a study of fetuses of RhD alloimmu-
nized pregnancies did not find a greater incidence of hydrops fetalis in those also affected by hypoalbuminemia.> This
suggests that hypoalbuminemia may play a more minor role in the pathophysiology of hydrops fetalis.

Lymphatic obstruction or dysplasia, often associated with chromosomal abnormalities and other syndromes, may
cause fluid accumulation due to impaired drainage.'® Noonan syndrome is associated with both lymphatic abnormalities
and congenital heart malformations including pulmonary stenosis, which may both contribute to the findings of Ahydrops
fetalis, again illustrating how various mechanisms may compound each other.’® Congenital infections, such as
Parvovirus, may lead to hydrops fetalis due to endothelial damage but also cardiomyopathy.?’

Diagnosis

Prenatal

When hydrops fetalis is the presenting phenotype during pregnancy, the first step is to evaluate for the presence or absence of
red blood cell alloimmunization to distinguish immune from nonimmune causes.**® Prenatal Doppler ultrasound to assess
blood flow through the middle cerebral artery (MCA) aids in the diagnosis of fetal anemia. Anemia from both immune and
non-immune causes is particularly important to identify, as it can be effectively managed with intrauterine transfusions. If fetal
anemia is identified in the absence of alloimmunization, the Kleihauer—Betke test or liquid chromatography can be performed
to evaluate for fetal maternal hemorrhage via the presence of fetal blood cells in the maternal circulation.' However, recent
retrospective cohort study suggests that this test has little association with fetal outcomes.”’ Additionally, the Society of
Maternal Fetal Medicine (SMFM) recommends serological testing for potential infectious causes of fetal anemia including
parvovirus, toxoplasma, cytomegalovirus, and syphillis.*

If hydrops fetalis is determined to be nonimmune, detailed fetal imaging via ultrasound or magnetic resonance imaging
(MRI) can help determine the presence of other anomalies and comorbidities that may direct further diagnostic evaluation. For
example, fetal hepatomegaly can be associated with lysosomal storage disease in the setting of nonimmune hydrops fetalis.>
However, accurate phenotyping can be challenging in the prenatal setting due to the limitations of fetal imaging.*'

The presence of structural abnormalities and specific phenotypic findings can further guide prenatal genetic diagnostic
testing, which can include karyotype, chromosomal microarray, and gene-specific testing.* Over 100 genetic conditions,
many very rare, have been associated with nonimmune hydrops fetalis.>* Although stepwise evaluation of genetic
etiologies of nonimmune Aydrops fetalis may be a prudent and judicious use of resources, it may delay higher yield
investigation of rarer causes of nonimmune Aydrops fetalis. Yield for chromosomal microarray is estimated to be 6—-14%
beyond high-resolution karyotype.®’ It is unlikely that both need to be performed, especially if sequentially, before
proceeding to exome sequencing. If karyotype is unrevealing, exome sequencing is a reasonable next step as further
findings of copy variations would be subsumed with sequencing.

Although targeted panels to detect monogenic causes of nonimmune hydrops fetalis are commercially available, these
standard panels include many genes with poor quality of evidence for causal association with hydrops fetalis and do not
evaluate many more recently described pathogenic variants. Additionally, many genes that can cause hydrops fetalis are
not currently associated with human disease due to high rates of fetal demise.*” In contrast to targeted panels, exome
sequencing represents a higher-yield, unbiased diagnostic approach for genetic causes of hydrops fetalis.>* In a study of
127 cases of unexplained nonimmune Aydrops fetalis, whole-exome sequencing identified 37 (29%) diagnostic genetic
variants.** Al-Kouatly et al demonstrated that compared to narrower testing strategies such as biochemical testing and
available panels, exome sequencing provided an incremental increase in diagnostic yield of over 50% and revealed
a potential diagnosis in an additional 22.7% of cases with unknown cause.’®> A similarly powerful yield was demon-
strated by Mone et al who found an additional diagnostic yield of 25% for isolated and non-isolated nonimmune Aydrops
fetalis with whole-exome sequencing.*® A recently published meta-analysis of 445 cases of hydrops fetalis undergoing
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exome sequencing after negative standard diagnostic evaluation showed an incrementally higher yield of 37% regardless
of associated prenatal structural malformations.’

Given the high-yield potential, exome sequencing may represent a diagnosis strategy preferable to microarray and
gene-specific evaluation. While currently more expensive than these modalities, exome sequencing may nonetheless
represent a more timely and overall more cost-effective approach.®”*® Tt should be noted that clinical judgement should
continue to direct genetic testing as exome does not diagnose all known genetic etiologies of hydrops fetalis such as
myotonic dystrophy, which is caused by a short tandem repeat expansion, or genetic changes due to deep intronic variants
such as cryptic splice changes.’® In addition to genetic testing, amniotic fluid analysis for glycosaminoglycans and
lysosomal enzymatic activity may aid in the diagnosis of lysosomal storage diseases or disambiguation of variants of
uncertain significance in related genes.*’ As enzyme replacement therapy is an active area of research, more treatment
options may be available for this diagnosis in the future.*'

Timely availability of an underlying etiology is especially crucial when considering pregnancy termination, which becomes
more challenging with greater gestational age, and when considering directing care towards palliation rather than life prolonga-
tion in a diagnosis associated with poor outcomes. While many of the etiologies identified by exome sequencing are rare with
a wide spectrum of potential phenotypes and outcomes, having an underlying diagnosis may have therapeutic value for families
and, in general, counseling and medical decision-making are improved when an underlying etiology is known.

Postnatal Diagnostic Evaluation

Postnatal diagnostic evaluation follows a similar strategy to prenatal evaluation. Additional postnatal phenotypic data can
help inform exome or genome analysis if not diagnosed prenatally. Despite the ability to perform more extensive
evaluations, including physical exam, imaging, and biochemical testing, 15 to 25% of cases remain idiopathic after
postnatal evaluation, sometimes even following an autopsy.'®'*** Nonetheless, the diagnosis of heritable causes can

inform future pregnancy planning *®*~°

Management Strategies

Prenatal Management

Prenatal therapies are available depending on the etiology of hydrops fetalis. When severe anemia is the mechanism, fetal
transfusions may be indicated (eg Rh alloimmunization, Parvovirus, congenital anemia, fetal maternal hemorrhage).**
The first intrauterine fetal transfusion was done for anemia secondary to Rh alloimmunization in 1984.*7 The middle
cerebral artery peak systolic velocity is monitored as a proxy to detect significant fetal anemia.*® The umbilical vein is
the most desired site for transfusion, free loop of cord, intrahepatic portion of the hepatic vein, or umbilical artery can be
alternatives but are associated with greater complications.' Intraperitoneal transfusion is rarely performed unless the
caliber of the umbilical vessels is prohibitive (eg less than 18 weeks gestation) or technical difficulties related to fetal
position or location of placental cord insertion.'

Transfusion is more effective in preventing progression to hydrops fetalis than reversing signs that are already
present.! Outcomes have improved over time with an overall procedure-related fetal loss of 1% and emergency delivery
rate within 24 hours of 1.8%.%° Neurodevelopmental outcomes of children with hemolytic disease treated with transfu-
sion at a median age of 8.2 years demonstrated an overall rate of neurodevelopmental deficits (eg cerebral palsy, severe
developmental delay, or deafness) of 4.8%.°

Recent case reports suggest a potential role for prenatal steroids in the treatment of congenital pulmonary airway malforma-
tions (CPAM) (also referred to as congenital cystic adenomatoid malformations (CCAM)) associated with hydrops fetalis.”'*
Cases that do not respond to steroids may benefit from fetal or early neonatal resection.” Surgical management for CPAM and
other intrathoracic obstructive lesions may be available at quaternary referral centers. Importantly, fetal intrathoracic surgery has
been associated with improved survival for infants affected by hydrops fetalis in the setting of CPAM specifically.”

Fetal interventions for various causes of hydrops fetalis include fluid diversion such as thoracoamniotic shunt
placement, thoracentesis, or paracentesis, which are available but not widely studied. Limited data, however, suggest
improved survival after fetal intervention. In a review of 273 cases of nonimmune hydrops fetalis in the United Kingdom,

86 neps: Research and Reports in Neonatology 2023:13

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Younge et al

48 of 152 continued pregnancies underwent fetal intervention (including fluid diversion, antiarrhythmics, and laser
treatment for chorioangioma) with associated improvement in survival but no difference in resolution of hydrops
fetalis.*

In cases of cardiac etiology, monitoring cardiac status can assist with management, such as administration of maternal
antiarrhythmics, and timing of delivery in the case of non-reassuring fetal testing due to worsening heart failure.>
Sustained tachycardia can progress to sydrops fetalis and maternal administration of antiarrhythmics with consideration
of direct fetal administration of antiarrhythmic therapy can be considered to help establish sufficient sinus rhythm to
allow resolution of hydrops fetalis.’® Maternal digoxin, flecainide, or sotalol are common first-line therapies for
tachyarrhythmias, with the latter having decreased absorption in the setting of hydrops fetalis.>’

As more than two-thirds of infants with Aydrops fetalis are delivered preterm, there is a low threshold for the
administration of antenatal steroids in affected pregnancies. When considering the timing of delivery, the risks associated
with worsening hydrops fetalis must be weighed against potential morbidity from preterm birth, and there is no evidence
that elective preterm delivery will improve outcomes.**® Timing and mode of delivery should be individualized based
on underlying pathology and family’s goals of care. Decision on mode of delivery depends upon the underlying cause,
condition of the fetus, and maternal complications.*

Postnatal Management

Management of a neonate with hydrops fetalis consists of supportive care while investigating for and treating the
underlying etiology. When possible, delivery should occur at a center with a skilled neonatal resuscitation team. The
delivery team should be prepared to intubate if necessary as neonates with hydrops fetalis can develop cardiorespiratory
failure related to multiple underlying causes including cardiac dysfunction and poor perfusion, pulmonary hypoplasia,
pleural effusions, or ascites.” Preparations should be made for fluid diversion including thoracocentesis, paracentesis, and
pericardiocentesis based on prenatal evaluations.” If a neonate is born prematurely, surfactant deficiency can also
contribute to high respiratory support needs.””

Intravascular depletion and severe anemia in certain cases may present as hemodynamic shock. Fluid resuscitation
can be extremely challenging due to capillary “leak” from endothelial damage, and fluid boluses should be used
judiciously. Fluid management is a balance of fluid restriction, as patients have excess of extracellular free water and
sodium, with fluid resuscitation as patients are typically intravascularly depleted or have poor oxygen carrying capacity
in the case of anemia. While fluid replacement with colloid such as albumin infusion makes intuitive sense to increase
intravascular oncotic pressure, the use of albumin infusion remains controversial with potential harms such as further
fluid overload, and without evidence for improvement in clinical outcomes.®’

Vasoactive medications and stress-dose steroids can treat poor cardiac output. If the etiology is related to congenital
heart disease or arrhythmia, patients should undergo evaluation by cardiology, cardiovascular surgery, and electrophy-
siology as appropriate. While prognosis is guarded for patients affected by hydrops fetalis, extracorporeal life support is
not contraindicated. Analysis of cases from the Extracorporeal Life Support Organization (ELSO) database demonstrated
survival after extracorporeal life support in 13 of 24 (54%) of infants with nonimmune Aydrops fetalis with earlier
initiation associated with greater odds of survival.®!

Trial of octreotide can be considered in the setting of chylothorax and/or chylous ascites and suspected lymphatic flow
disorder.” In the event of specific genetic diagnoses, targeted therapies may be available, including enzyme replacement
therapy for lysosomal storage disorders.?!° RASopathies describe developmental conditions caused by mutations which
activate RAS/MAPK signaling pathways including neurofibromatosis type 1 and Noonan syndrome.®> Emerging evidence
indicates effective treatment of these conditions with mitogen-activated protein kinase (MEK) inhibitors, such as trametinib.**
Case reports indicate a potential role for MEK inhibitors in treating pediatric patients with severe lymphatic abnormalities and
associated fluid accumulation. These findings suggest the possibility of therapy for neonates with sydrops fetalis secondary to

RASopathies, although their utility in the neonatal setting remains unproven.®>
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Outcomes

Hydrops fetalis has an overall poor prognosis with significant risks to maternal and perinatal health. Accurate prognosis
is challenging due to the variety of etiologies and association with other obstetrical complications (eg prematurity and
cesarean delivery).*® While in-utero interventions are available for some indications and may affect outcomes, options
are limited and poorly studied. Long-term outcomes and impacts are similarly difficult to define due to the multitude of
underlying causes and low rates of survival.

A specific but uncommon obstetrical complication of iydrops fetalis is mirror syndrome (Ballantyne’s syndrome) where
the pregnant person develops symptoms that emulate fetal hydrops, in particular edema.®” Pathophysiology is poorly under-
stood, but it may be a form of preeclampsia in which the hydropic placenta initiates a systemic inflammatory response causing
an increase in trophoblastic debris into maternal blood.®® Mirror syndrome infers risks of postpartum hemorrhage, intensive
care unit admission, heart failure, pulmonary edema, renal dysfunction, stillbirth, and neonatal death. A recent literature
review suggests that the most common etiologies of fetal hydrops associated with mirror syndrome include structural cardiac
malformations, alpha thalassemia, Rh isoimmunization, and nonimmune hydrops fetalis.%”

Hydrops fetalis carries a high risk of perinatal mortality. Rates of miscarriage and stillbirth are high. A recent review
of 361 cases of nonimmune hydrops fetalis identified during pregnancy in Austria found that 51 cases (14%) ended in
miscarriage and 33 cases (9%) ended in stillbirth.®” In addition, families may elect to terminate a pregnancy with hydrops
fetalis due to underlying etiology or high risk of mortality and suffering. Decision to terminate pregnancy in countries
where abortion is accessible is common (40 to 50% of affected fetuses).”***%° As a comparison, in a cohort of 53 cases
of nonimmune hydrops fetalis referred to a perinatal genetics program in Brazil, 4 pregnancies (7.5%) were legally
permitted to be electively terminated.”

Numerous factors contribute to prognosis for infants born in the setting of hydrops fetalis. Earlier diagnosis (before 24
weeks gestation) has been associated with chromosomal abnormalities.”>*? In turn, earlier gestation at presentation has
been associated with perinatal mortality.”®”'~"* However, this may be more related to the high mortality associated with
aneuploidy rather than an indication of the severity of hydrops fetalis. When omitting patients with chromosomal
abnormalities, Sohan et al did not find a difference in mortality based on gestational age at presentation.’*

The most significant factor for fetal and live birth prognosis is the underlying etiology. Mortality may be up to 92% among
infants with underlying congenital heart disease given the severity of the disease associated with in-utero congestive heart
failure.'? Better prognosis may be expected for infants with infectious etiologies and tachyarrhythmias.'>”* Etiology is
especially important for determining if any corrective fetal or postnatal therapies are available. In general, fetal treatment is
associated with improved survival, but studies are limited to case reports and smaller series.”"""*">

For live births, greater gestational age at delivery is associated with increased survivability.>>%:6%71:72:75.76 The Jikelihood
of survival is improved in the absence of additional complications of prematurity. More severe illness (lower Apgar scores,
acidosis, hypoalbuminemia) at delivery also seems associated with mortality.>*”""*7¢ More fluid compartments involved and
large for gestational age, perhaps indicating greater edema, have also been associated with higher risk of perinatal death.>’’

Among live births, those that survive the immediate neonatal period can survive and survival without major
comorbidities is possible.” Santo et al studied a cohort of 71 pregnancies affected by nonimmune hydrops fetalis and
reported 25% survival with no morbidities among the total cohort or 17 out of 28 (61%) of neonates that survived beyond
28 days.”® They found three of 28 (11%) of survivors had significant neurodevelopmental delays and eight of 28 (29%)
had other comorbidities.”® A more recent review of 100 pregnancies complicated by nonimmune hydrops fetalis found
that of the 23 survivors beyond the neonatal period, 20 patients (87%) were well at long-term follow-up.”® In a Japanese
cohort of 91 affected pregnancies, 33 patients of 51 live births (65%) survived to one-year old with 15 of the 33 (45%)
reaching age-appropriate developmental milestones.”” Another Japanese cohort found normal development for 28 of 56
(50%) of infants born with nonimmune hydrops fetalis with follow-up data available at one year of age.®

Perinatal Palliative Care
Given the typically poor prognosis but variable and unpredictable outcomes in cases of Aydrops fetalis, careful
counseling is critical. Perinatal palliative care describes consideration and coordination of care across obstetrical and
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neonatal services that dually focuses on quality of life and respecting a family’s values.®' It is an essential component of
care for any family in which the pregnancy or life of the infant may be limited. For a pregnancy or neonate affected by
hydrops fetalis, palliative care should be provided concurrently with life-prolonging measures as well as when there is
a transition to comfort care and allowing natural death.

The Society of Maternal Fetal Medicine describes cases of hydrops fetalis as generally falling into one of three
categories: (1) cases in which fetal therapy is available, which require typically urgent referral and treatment to
a specialized center such as fetal anemia for in-utero transfusion, fetal tachyarrhythmias for antiarrhythmic therapies,
or intrathoracic masses for fetal surgery; (2) cases with a lethal prognosis, in which pregnancy termination or comfort
care after delivery are generally recommended such as aneuploidy in the setting of complex congenital heart disease; and
(3) cases in which the prognosis is likely poor but uncertain especially in cases where etiology is not yet determined.*
A similar categorization of cases is helpful in the context of postnatal counseling and decisions around direction of care.
Early involvement of a specialized palliative care team is highly recommended to support families and primary care
teams with discussions and decisions about goals and direction of care. An uncertain prognosis can be especially
challenging for families and providers alike. A trial of therapies including invasive and intensive care is reasonable but
ongoing discussions are important to guide care and families.

Conclusion

Hydrops fetalis may occur as a complication of many underlying diseases. While treatment with RhD immune globulin
has reduced incidence of immune hydrops fetalis, the overall incidence has remained stable and RhD alloimmunization
remains a significant cause of hydrops fetalis in areas of the world where treatment is less accessible. Both fetal and
postnatal treatments may be available. As such, determining the underlying etiology is paramount to management and
counseling. Many etiologies of hydrops fetalis are extremely rare, and some management decisions are time sensitive.
A comprehensive evaluation may include exome sequencing to arrive at a diagnosis to guide management. Exome
sequencing is becoming more rapid and less cost prohibitive, and within the context of appropriate genetic counseling,
can provide earlier and more accurate diagnosis to aid in decision-making for families and clinicians. Despite such
a guarded prognosis, survival and even survival without morbidity is possible. Prognosis is expected to continue to
improve as diagnostic abilities, such as prenatal imaging and exome sequencing technologies, and therapies, such as fetal
surgery and gene-specific therapies, continue to advance.
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