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Abstract

Anhydramnios caused by early anuria is thought to be universally fatal due to pulmonary 

hypoplasia. Bilateral renal agenesis and early fetal renal failure leading to anhydramnios 

constitute early pregnancy renal anhydramnios (EPRA). There have been successful reports of 

amnioinfusions to promote lung growth in the setting of EPRA. Some of these successfully treated 

EPRA fetuses have survived the neonatal period, undergone successful dialysis, and subsequently 

received a kidney transplant. Conversely, there are no reports of un-treated EPRA survivors. This 

early success of amnioinfusions to treat EPRA justifies a rigorous prospective trial. The objective 

of this study is to provide a review of what is known about fetal therapy for EPRA and describe 

the Renal Anhydramnios Fetal Therapy trial. We review the epidemiology, pathophysiology, and 

genetics of EPRA. Furthermore, we have performed systematic review of case reports of treated 

EPRA. We describe the ethical framework, logistical challenges, and rationale for the current 

single center (NCT03101891) and planned multicenter trial.
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Introduction

Anhydramnios secondary to anuria before 22 weeks gestational age (GA) is thought to be 

universally fatal [1–4]. Mortality results because amniotic fluid plays an essential role in 

lung development and its prolonged absence before viability leads to severely hypoplastic 

lungs. Urine first contributes to amniotic fluid by 10 weeks GA and constitutes over 90% 

of fluid volume by week 16, so sufficient renal function by 16 weeks GA is necessary to 

avoid anhydramnios (although oligohydramnios may be present by week 10) [5]. Congenital 

bilateral renal agenesis (CoBRA) and early gestation fetal renal failure (FRF) before 22 

weeks GA result in anuria and anhydramnios. Together these entities constitute early 

pregnancy renal anhydramnios (EPRA).

Epidemiology of EPRA

CoBRA is one of the most common malformations of the urinary tract, affecting 1–2 

of every 3,000 fetuses [6]. It is characterized by the complete lack of renal tissue with 

ensuing anhydramnios and secondary pulmonary hypoplasia [7, 8]. Potter’s syndrome, 

a historical term used to describe the typical appearance of a neonate exposed to 

anhydramnios, is additionally characterized by flattened facial features and limb deformities, 

due to intrauterine compression and insufficient nutrients, along with pulmonary hypoplasia 

caused by anhydramnios. CoBRA can be diagnosed when no renal tissue is identified by 

sonography at 12–14 weeks GA [6] and anhydramnios with no bladder filling at 16 weeks 

GA [5].

FRF is typically a result of bilateral multicystic dysplastic kidney (MCDK) disease but can 

also result from autosomal recessive polycystic kidney disease (ARPKD) and early-onset 

severe lower urinary tract obstruction (LUTO) with complete bladder outlet obstruction. 

Ruano et al. [2] found increased risk of FRF when bladder refilling is less than 27% 

within 2 days after vesicocentesis in LUTO. MCDK is characterized by non-communicating 

abnormal cysts that replace renal parenchyma. It can be diagnosed between 15 and 20 weeks 

GA when cysts are evident [1]. The incidence of MCDK is 1 in 1,000–4,300, but in a study 

of 73 patients, all fetuses with bilateral MCDK (n = 3) or unilateral MCDK and contralateral 

renal agenesis (n = 1) along with anhydramnios died within the first 24 h of life [1]. Only 

one of the 4 newborns with bilateral MCDK survived past this period to 9 days of life, since 

the fetus had oligohydramnios rather than anhydramnios in utero. LUTO is characterized by 

urethral obstruction with bilateral hydroureteronephrosis and a dilated bladder. Its incidence 

is reported between 1 in 2,000 to 1 in 25,000 births [9]. It is usually diagnosed between 

late second and early third trimester [2]. In severe cases, the kidneys cease to produce urine 

(anuria) and anhydramnios develops. In a retrospective study, Ruano et al. [2] found that 

severe LUTO leading to FRF and anhydramnios early in pregnancy led to severe pulmonary 

hypoplasia and fetal or neonatal demise in all cases. ARPKD is a congenital hepatorenal 
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cystic disorder [10]. Its incidence is about 1 in 40,000 [11] and about one-third to one-half 

of newborns with ARPKD die shortly after birth due to pulmonary insufficiency [10]. It is 

typically diagnosed during the second trimester, although it can be detected during the late 

first trimester.

Since there is no bladder filling in the setting of CoBRA and FRF, vesicoamniotic 

shunting is not an option. Therefore, CoBRA and FRF leading to EPRA were previously 

thought to be universally fatal secondary to severe pulmonary hypoplasia or umbilical cord 

compression [12], but an experiment of nature suggests that replacement of the amniotic 

fluid can prevent respiratory failure [13]. This experiment involved monoamniotic twins 

discordant for CoBRA. The CoBRA twin who shared amniotic fluid with the normal co­

twin did not demonstrate respiratory failure at birth. This case justified a later intervention 

by Bienstock et al. [14] to promote lung growth in CoBRA with amnioinfusions. This and 

8 other case reports have documented adequate neonatal lung function when amnioinfusions 

were given prenatally in the setting of EPRA [12, 14–16]. These outcomes raise the 

possibility of pulmonary survival for infants with a disease previously thought to be fatal.

Genetic Causes of CoBRA and FRF

The genetic cause of ARPKD is a mutation in the PKHD1 gene [10]. However, the 

pathologies of CoBRA and FRF (specifically MCKD and LUTO) are largely unknown, 

since many genetic and epigenetic factors contribute, but some genes have been identified. 

Multiple gene-knockouts in murine models have resulted in CoBRA, including the 

homozygous recessive mutation of FGF20 [17] and the integrin α8-encoding gene (ITGA8) 

[18]. The ITGA8 gene is expressed in the metanephric mesenchyme and plays a crucial role 

in renal development. When mutated, ITGA8 causes abnormal interaction of the uretic bud 

with the metanephric mesenchyme. Other genes such as Hs2st [19, 20] and GDNF [21], 

which play a role in mesenchyme-to-epithelial conversion and branching of the uretic bud 

may also lead to CoBRA. Inheritance patterns have implicated an autosomal dominant gene 

that causes renal agenesis, with the presence of incomplete penetrance or non-penetrance 

and variable expressivity [22]. Partial duplication of the short arm of chromosome 11 has 

been identified in cases of posterior urethral valves, the most common presentation of LUTO 

[23]. Moreover, in unilateral MCDK, HNF1B mutation has been identified, although the 

genetics of bilateral MCDK vary greatly [24]. Although some possible genetic contributors 

are reported, the specific genetic causes of these diseases remain largely elusive.

Effects of EPRA on Fetal Lung Development

EPRA affects lung distention and growth by compressing the thoracic cavity and allowing 

fetal lung fluid to escape from the lungs. Lung fluid volume increases with lung weight 

and by the third trimester, epithelial secretions in the fetal lungs produce about 25 mL/kg 

of lung fluid, which composes about 90% of the lung weight [25]. During fetal breathing 

movements, fluid passes through the trachea and is swallowed or it mixes with the amniotic 

fluid. During non-breathing periods, the positive pressure of amniotic fluid in the upper 

respiratory tract inhibits egress of lung fluid, keeping it retained within the trachea by the 

glottis. This creates a transpulmonary pressure gradient that is necessary for maintaining 
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alveolar distension above newborn functional residual capacity and promoting lung growth 

[26–28]. The correlation between lung fluid and lung growth was first explained by Alcorn 

et al. [29] using a fetal lamb model. They found that chronic tracheal drainage to decrease 

lung fluid volume led to lung hypoplasia, whereas tracheal ligation caused lung distension 

and hyperplasia. Similarly, amniotic fluid is necessary for keeping lung fluid within the 

lungs to promote alveolar distension and growth and for maintaining this transpulmonary 

gradient [25, 30–32]. Low amniotic fluid volume allows lung fluid to drain from the trachea 

and leads to alveolar compression.

Prior to fetal micturition in the first trimester, placental, dermal, and membrane secretions 

are responsible for producing amniotic fluid [5]. Between 8 and 10 weeks GA, a normal 

fetus begins to produce urine, which makes up most (>90%) of the amniotic fluid by 16 

weeks GA. Urine is not only important for maintaining lung distension but also contains 

proline that is necessary for lung maturation because of its vital role in collagen and 

mesenchyme formation and development [33–35]. In the setting of EPRA, the kidneys 

are absent or non-functional and therefore do not produce urine to contribute to amniotic 

fluid. This affects lung distension and maturation without proline and leads to pulmonary 

hypoplasia, which prevents neonatal survival as the severely hypoplastic lungs cannot 

conduct sufficient gas exchange postnatally.

Rationale for Fetal Therapy to Promote Lung Development

Expertise in the provision of neonatal renal replacement therapy (RRT) has increased in the 

past 20 years, and chronic dialysis is offered to nearly all infants with isolated end-stage 

renal disease (ESRD) who survive the neonatal period [36–37]. The 5-year survival rate for 

neonates who initiatechronic dialysis in the first month of life is 90%, and among these 

patients 80% transition to renal transplantation by 5 years of age [37–38]. However, chronic 

RRT is not indicated in neonates with other, life-limiting comorbidities and poor prognoses. 

The ethical issues around initiating chronic dialysis in neonates with other organ system 

diseases likely limit viability are complex and have been discussed by Lantos et al. [39] 

and Wightman et al. [40]. Many factors affect decision making and should be discussed 

thoroughly with the parents and the fetal/pediatric/nephrology care team before proceeding 

with treatment [40]. Renal transplantation is the preferred mode of chronic RRT for all 

children with ESRD to reduce long-term morbidity and mortality and to optimize growth 

and development [38, 41, 42]. A large study by the United States Renal Data System found 

that hospitalization and infection rates were significantly lower in pediatric patients who 

received a transplant compared to those on long-term dialysis [43]. This same study found 

that transplant patients had lower cardiovascular mortality rates, decreased mortality from 

infection, and improved 5-year survival compared to patients on chronic dialysis. Although 

the specific underlying causes of ESRD in neonates with a history of EPRA will vary, 

outcomes for infants on chronic RRT without other significant comorbidities is generally 

favorable, and renal transplantation is a feasible option once adequate growth has occurred 

[37].

The expanded accessibility and success of neonatal RRT have helped to rationalize 

amnioinfusions in the setting of EPRA. Severe pulmonary hypoplasia secondary to EPRA 
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results in the death of the neonate soon after birth due to pulmonary insufficiency. However, 

if lung development can be promoted in-utero, affected neonates may have increased 

likelihood of lung function and thus survival and can then be treated for the ESRD 

associated with CoBRA or FRF with chronic RRT. Serial saline amnioinfusions restore the 

natural uterine environment and reestablish transpulmonary pressure and alveolar distension. 

Supplementing proline by amnioinfusions may also be beneficial because of its essential 

role in collagen formation and pulmonary maturation, although its prophylactic use in this 

setting has not been studied. Amnioinfusions are routinely used in ultrasound assessments 

and diagnoses for fetuses with low fluid volumes [12], but the risk of preterm premature 

rupture of membranes (PPROM) is still at least 1/300 per infusion. However, the safety of 

repeated amnioinfusions as a preventative method has been illustrated in multiple studies 

[2, 4, 8, 14], including a retrospective study of 61 patients presenting with severe oligo­

anhydramnios from PPROM who received amnioinfusions with no fatalities recorded as a 

direct result of treatment. Mothers receiving amnioinfusions for pregnancies complicated by 

oligohydramnios resulting from early PPROM (16–26 weeks GA) had similar fetal survival 

as pregnancies complicated by PPROM without oligohydramnios [44].

Although there have been no adequately powered large-scale studies investigating the 

efficacy of amnioinfusions to treat EPRA, there have been multiple case reports of 

pulmonary survival in neonates treated with prenatal amnioinfusions for palliation of EPRA 

and we hypothesize that about 25% of fetuses receiving amnioinfusions will develop 

functioning lungs [12]. In 1994, a neonate with CoBRA survived early neonatal life after 

amnioinfusions were administered from 17 to 33 weeks GA, but ultimately succumbed to 

dialysis complications after 23 days of life [15]. In 2014, Bienstock et al. [14] reported 

the case of CoBRA in a 34-year-old woman treated with weekly serial amnioinfusions 

beginning at 24 weeks GA. The infant was born at 29 weeks GA with age-appropriate lung 

function and received a kidney transplant from her father after 3 years on chronic peritoneal 

dialysis [12]. Including the patient in this case report, 2 of 4 CoBRA patients treated with 

serial amnioinfusions at the authors’ institution have survived and successfully undergone 

renal replacement therapy. At another institution, weekly amnioinfusions were administered 

for a pregnancy complicated by EPRA beginning at 24 weeks GA. The infant had sufficient 

pulmonary function at birth but succumbed to dialysis complications and peritonitis after 5 

months of life [16].

In a series of 8 pregnancies complicated by fetal LUTO with severe oligo-/anhydramnios in 

which an amnioport was placed to deliver saline infusions, there were no fetal losses and 

all 8 subjects had restoration and maintenance of amniotic fluid levels. One subject received 

only 2 infusions prior to PPROM, and the neonate was noted to have laryngeal web and 

did not survive. Of the remaining 7 subjects who underwent a mean 14.3 amnioinfusions 

prior to delivery, 3 did not survive the neonatal period [4]. An additional infant died from 

complications of dialysis-associated peritonitis at 3 months. The remaining 3 subjects who 

survived the neonatal period were living after successful renal transplantation at the time of 

publication in 2016 [4]. Haeri et al. [45] additionally reported 2 cases of adequate neonatal 

lung function after amnioinfusions in the setting of FRF caused by severe LUTO with 

anuria and anhydramnios before 22 weeks GA, with both infants successfully transitioned to 

chronic peritoneal dialysis and discharged home. These cases illustrate the potential efficacy 
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of serial amnioinfusions to promote normal lung development and post-natal pulmonary 

viability in neonates affected by EPRA such that they can progress to RRT for management 

of their renal failure.

Approach to Fetal and Neonatal Therapy for EPRA

Treatment for EPRA in the single-center and multicenter Renal Anhydramnios Fetal 

Therapy (RAFT) trial begins with diagnostic and then serial amnioinfusions before 26 

weeks GA in appropriately counseled eligible patients. If patients have adequate respiratory 

function after birth, the next step is neonatal dialysis (peritoneal dialysis or hemodialysis) 

and subsequent early childhood kidney transplant. Serial amnioinfusions involve the 

infusion of normal saline into the amniotic cavity to restore the aqueous environment of 

the fetus (normal volumes: 25 mL at 10 weeks, 400 mL at 20 weeks, 800 mL at 28 weeks 

GA) [8]. The timing and frequency of amnioinfusions, along with the optimal timing of 

delivery, remain uncertain [46]. If pulmonary development is sufficient after birth, neonates 

will require RRT, including chronic dialysis and kidney transplant. Although hemodialysis is 

possible in infants (<1 year old), PD is the preferred dialysis modality given the limitations 

of vascular access infants and the potential for daily dialysis performed at home in infants 

[36, 47–50].

Renal transplantation is the treatment of choice for children with ESRD and should be 

performed as soon as is technically possible. Early transplant is recommended to avoid 

cardiovascular morbidity and infection risk associated with long-term dialysis [51–53]. Size 

at the time of transplant varies with some centers transplanting infants as small as 5 kg, 

but most providers aim for transplant once the child is >10 kg. Living donor transplants 

demonstrate improved graft survival in infants than those from deceased donors, especially 

if the donor is a parent [50]. Complete reconstructive urologic surgery is necessary for 

CoBRA patients who lack a urinary tract, and a pediatric urologist should be incorporated 

into the multidisciplinary care team to determine the optimal timing of urologic surgery 

relative to renal transplantation. Infants with FRF are likely to respond better to RRT, since 

a urinary tract exists and may not require complete reconstructive surgery, unless irreparable 

damage occurred in utero.

Maternal and Fetal Risks of Amnioinfusions to Treat EPRA

Although the maternal/fetal risk profile of serial amnioinfusions is generally well known, 

the risks of serial amnioinfusions in an EPRA pregnancy have never been systematically 

studied. For the mother these risks include rupture of membranes, preterm labor, bleeding, 

chorioamnionitis, placental abruption, uterine rupture, amniotic fluid embolism, local 

discomfort, or abdominal discomfort after infusion. As part of an informed consent process, 

these potential risks must be thoroughly explained to and understood by a potential RAFT 

participant. The RAFT trial will permit quantification of maternal risks, which in turn 

will become a critical component of pre-intervention counseling. Fetal risk must also be 

considered. Because the intervention entails use of relatively small needles, significant fetal 

injury is extremely unlikely. More likely, however, is the induction of PPROM, preterm 

labor and prematurity. This may result is severe morbidity and mortality for the EPRA 
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neonate but must be weighed against the near certain mortality of continuing the pregnancy 

without therapy.

Ethical Considerations for Amnioinfusions to Treat EPRA

The primary purpose of amnioinfusions in the setting of EPRA is to permit repressurization 

of the fetal tracheobronchial tree and promote pulmonary development, thus increasing 

the fetus’s chance of survival outside the womb. Pulmonary hypoplasia cannot currently 

be addressed by post-uterine treatment so without uterine intervention, the neonate will 

succumb to pulmonary insufficiency shortly after birth. Therefore, fetal intervention is the 

only plausible treatment for EPRA-associated pulmonary hypoplasia and is currently the 

only treatment option for a fetus with an otherwise-lethal condition. Current evidence for 

the effectiveness of amnioinfusions to prevent pulmonary hypoplasia and induce pulmonary 

survival is limited to case reports. Any neonate with adequate lung function to enable 

early neonatal survival will subsequently require life-long RRT. ESRD patients require 

multiple procedures including placement of dialysis access and often central venous access, 

likely gastrostomy tube placement with supplemental nutritional support, and urologic 

reconstruction and transplantation. Renal transplantation requires exposure to a variety of 

medications including immunosuppressive medications, antibiotics/anti-virals, and other 

drugs to treat transplant side effects [54]. Decisions about prenatal therapies for EPRA 

should be made cooperatively between families and members of the medical team, with the 

life-long effects of neonatal ESRD in mind, including the ethical, financial, and societal 

implications.

Parents of children with chronic illness experience increased levels of illness-related 

parenting stress secondary to multiple factors including, but not limited to, demanding 

treatment regimens, financial burdens, and feelings of loss of control [55]. Parents of 

children with kidney disease in particular report difficulties balancing responsibilities as 

caregivers with personal self-care [56]. There is a need for intervention efforts aimed at 

preventing or reducing parenting stress among caregivers of children with chronic illness, 

but few specific interventions have been developed to accomplish this. Thus, it is critical that 

parents who are contemplating raising a child with ESRD receive counseling regarding the 

potential family impact associated with this disease, and must be referred as soon as possible 

to appropriate social work and psychological services to help navigate the many demands 

of caregiving that will not be met by the primary medical team. The RAFT trial will follow 

survivors until 3–4 years after transplant to assess the short- and long-term quality of life in 

these patients and their families.

Sugarman et al. [46] have summarized the ethical issues around amnioinfusions to treat 

pulmonary hypoplasia in CoBRA and are summarized here to encompass all diagnoses 

resulting in EPRA. This analysis should be a part of the decision-making process before 

beginning a research trial. First, a confirmed diagnosis of EPRA is necessary to ensure 

appropriate prenatal counseling and treatment. Once the diagnosis is made, it is critical that 

the family is counseled properly by the multidisciplinary team and fully understands the 

risk and uncertainty of treatment, to avoid giving false hope. Patients should be counseled 

appropriately about the possibility of termination. Language that indicates bias for or against 
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treatment should be avoided to allow the family to make an independent decision [46]. 

The family should be informed on the likelihood of survival for the neonate and potential 

complications for the pregnancy. There is no guarantee that the fetus will survive to birth 

and any decision to initiate RRT will be made by the multidisciplinary team considering 

prognosis and other organ system viability. Furthermore, families must be informed of 

the risk of mortality for infants on dialysis and the conditions under which the infant 

will be a candidate for renal transplantation. These risks need to be thoroughly explained 

to the parents and formal consent obtained before administering amnioinfusions as part 

of a research study to determine the efficacy of this intervention for treating pulmonary 

hypoplasia. It is also essential that the family understands that although they may withdraw 

their participation from a research protocol at any time, early survival of a neonate with 

CoBRA or FRF will mean a lifetime of RRT with its attendant risks.

The ethical considerations of beginning chronic dialysis in infants are explained in the 

Clinical Practice Guideline on Shared Decision-Making in the Appropriate Initiation of 

and Withdrawal from Dialysis by the Renal Physicians Association and American Society 

of Nephrology [57]. These are objective recommendations intended to assist providers in 

guiding families through the process of dialysis decision making and to limit futile or 

inappropriate administration of dialysis. The consensus is to administer dialysis only when 

the benefits of treatment outweigh the burdens. Therefore, if severe comorbidities and/or 

death are inevitable, it may not be in the best interest of the patient for dialysis to be initiated 

or continued.

The societal and economic implications for survival of infants with EPRA should be 

considered, since most will require extended medical care, using resources from a strained 

system. Surviving EPRA patients who do not have a living kidney donor will likely pull 

from the insufficient deceased kidney donor pool. The financial effects on families and 

hospitals should also be considered. ESRD care is, by definition, lifelong. Medicare and 

qualifying Medicaid recipients should be reimbursed for RRT and associated treatments, but 

there may be uncovered expenses that place a financial burden on the family [58]. Fetal 

therapy candidates should not be refused based on financial circumstances and an effort 

should be made to assist these families financially [46]. Cost-effectiveness models may also 

be beneficial in the future when more data is available for these patients to help determine in 

which cases fetal treatment should be administered [12].

In light of these ethical issues, further discussed elsewhere [46], the multidisciplinary team 

should take care to counsel interested families before beginning amnioinfusions in the 

context of a trial. If fetal comorbidities are few or are a direct result of EPRA, serial 

amnioinfusions may be a beneficial treatment, but success in each step of treatment, from 

fetal therapy to transplant surgery to long-term adherence to immunosuppressive regimens, 

is necessary to optimize long-term outcomes. Given that neonatal RRT effectively treats 

ESRD, the efficacy of amnioinfusions in a larger cohort requires evaluation in a formal 

prospective trial. This can best be done in a multicenter network study with a centralized 

IRB. This centralized IRB is currently under review protocol is currently under review at 

Johns Hopkins and has been approved by the North American Fetal Therapy Network.
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Rationale for the RAFT Trial

If lung maturation can be induced in utero by serial amnioinfusions in the setting of EPRA, 

affected neonates have the potential for long-term survival beyond the perinatal period. 

Currently the evidence for the efficacy of amnioinfusion is limited to several case reports. 

Although these reports have been met with great fanfare and enormous lay interest, they do 

not provide sufficient evidence to prove generalizability. The reports are numerous enough, 

however, to elevate this field of study from the innovation to research phase. The next step 

is to conduct a multicenter study and analyze the short-term risks and long-term outcomes of 

amnioinfusions for treatment of EPRA-associated pulmonary hypoplasia. In August of 2016, 

the National Institute of Child Health and Human Development and the National Institute 

of Diabetes and Digestive Kidney Diseases sponsored a workshop and proposed a research 

agenda for the study of procedures to treat fetal pulmonary manifestations of anhydramnios, 

confirming the need for systematic study of this intervention [59]. The current status quo of 

a single site IRB approved prospective trial with many backdoors for therapy in other centers 

is suboptimal both for advancing the field and providing generalizable knowledge as well as 

for patient access to potentially life-saving therapy. A multicenter NAFTNet prospective trial 

with a central IRB will address these issues and is near initiation.

Conclusion

Serial amnioinfusions in the setting of EPRA may alleviate fetal pulmonary hypoplasia 

and improve neonatal survival in a previously fatal disease. A large-scale prospective study 

with strict inclusion/exclusion criteria is necessary to determine the efficacy and safety of 

amnioinfusions to promote lung development and assess long-term outcomes of dialysis 

and kidney transplant. A clinical study evaluating the efficacy of amnioinfusions for fetuses 

with CoBRA is currently underway at Johns Hopkins Hospital (NCT03101891) and a larger 

multicenter North American fetal therapy network-based trial has been formulated and is 

under evaluation by a central IRB.
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