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• Fetal renal failure due to congenital anomalies of the kidney 
and urinary tract results in fetal anuria and anhydramnios

• Anhydramnios in early pregnancy leads to lethal pulmonary 
hypoplasia since fetal lungs are unable to expand normally

• The multi-center Renal Anhydramnios Fetal Therapy (RAFT) 
clinical trial is evaluating whether serial amnioinfusions (AIs) 
can mitigate pulmonary hypoplasia and allow sufficient lung 
development so neonates can undergo medical 
management for kidney failure

• The Johns Hopkins Hospital is the RAFT coordinating center
• AIs are largely considered to be safe, but they are technically 

challenging and can pose risks to the maternal-fetal dyad
• AI-related risks include preterm premature rupture of 

membranes (PPROM), chorioamniotic separation (CAS), 
chorioamnionitis, placental abruption, and preterm labor

• There is a lack of research systematically evaluating the 
maternal and obstetric risk profile of serial AIs in the context 
of early pregnancy renal anhydramnios (EPRA)

• We aimed to describe our experience with serial AIs and 
evaluate any changes in AI technique over time

Study Design
• Secondary analysis of prospective data from the RAFT trial
Setting
• Johns Hopkins Hospital, Baltimore, MD (IRB00322574)
Population
• Maternal-fetal dyads who underwent diagnostic AI with 

intention to enroll in the RAFT trial for renal anhydramnios
• Inclusion criteria: pregnant women aged ≥18 with confirmed 

anhydramnios before 22 weeks gestational age (GA) with 
diagnosis of fetal renal failure (FRF) or congenital bilateral 
renal agenesis (CoBRA)

• Participants identified using two REDCap databases: 
1. Serial AI pilot study at JHH prior to the multicenter trial
2. RAFT trial at JHH

• Data extraction yielded 27 patients; 16 excluded 
• Final cohort: 11 patients who underwent serial AIs 
Data Collection
• Baseline characteristics, AI procedure-related characteristics, 

and maternal and obstetric outcomes data were collected
Main Outcomes
• Procedure details, obstetric outcomes, pregnancy outcomes
• Changes in AI technique over the study period
Statistical Analysis
• Data summarized in terms of means or medians for 

continuous variables or proportions for categorical variables
• Continuous data analyzed using Student’s t-tests or Wilcoxon 

Rank Sum test for variables with unequal variance or skewed 
distributions

• Categorical data analyzed using chi-square tests or Fisher’s 
exact test for variables with low expected frequencies

• Performed using SAS 9.4

Figure 1. Demographic Characteristics of the Study Population

• Greater consistency in volume per infusion in recent compared to early years
• Across all years, fewer days between infusions later in pregnancy
• In later years vs earlier years, pattern of closer infusions starts earlier in pregnancy

Serial amnioinfusions are technically feasible and allow 
for fetal survival in EPRA

• Potential data collection, missing data points, and accuracy errors
• Small sample size does not allow sufficient power for advanced statistical analyses
• Limited racial and ethnic diversity in patient sample

• This study demonstrated an acceptable complication rate allowing for delivery at a 
GA at which medical management of end stage kidney disease is possible

• This study may guide further improvements in AI technique for the multicenter 
RAFT trial and inform future clinical management of patients with EPRA

• Further studies with a larger, more diverse sample are needed to explore the 
associations between AI-related variables and maternal and obstetric risks

Characteristic
Enrolled participants

N=11
Amnioinfusions per participant 11 [8-20]
GA at first amnioinfusion (weeks) 23 ± 1.7
Data are median [IQR], mean ± standard deviation, or n (%). GA, gestational age.

Table 1. Baseline AI-Related Characteristics of the Study Population
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Table 2. Procedure-Related Characteristics of Serial Amnioinfusions

Data are median [IQR], mean ± standard deviation, or n (%). MVP, maximum vertical pocket. Early periods indicate delivery before 
6/1/2019; late periods indicate delivery after 6/1/2019. 
*Value missing for 1 infusion. **Value missing for 2 infusions. 

Table 3. Maternal and Obstetric Outcomes after Serial Infusions

Data are median [IQR], mean ± standard deviation, or n (%). CAS, chorioamniotic separation; GA, gestational age; 
PPROM, preterm premature rupture of membranes. No statistically significant differences were detected between 
early and late periods for these variables.

Figure 2. Volume Infused by Period Figure 3. Days Between Serial AIs by Period

• Although serial AIs were technically successful, a majority of participants 
experienced complications related to membrane integrity

• Although preterm birth occurred in all cases, delivery occurred at a potentially 
viable GA amenable to postnatal management of renal failure
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Characteristic

Early
n = 52

Late
n = 107

All Serial 
Amnioinfusions

N=159

P

AIs per patient 8 [7-11] 19.5 [10-23] 11 [8-20] 0.13
Interval between 
infusions (days)

4 [3-7] 4 [3-5] 4 [3-6] 0.02

Duration of procedure 
(min)**

20 [14-27] 18 [13-24] 19 [14-26] 0.40

Needle gauge*
18g 0 (0) 1 (0.9) 1 (0.6)

<.000120g 34 (65.4) 100 (93.5) 134 (84.3)
22g 17 (32.7) 6 (5.6) 23 (14.5)

Volume infused (mL) 507.5 [405-740] 500 [405-740] 500 [400-690] 0.57
Single insertion* 47 (92.2) 95 (88.8) 142 (89.3) 0.85
Starting MVP (cm)* 1.9 [1.1-2.6] 2.7 [1.4-3.9] 2.4 [1.3-3.4] 0.0008
Ending MVP (cm)** 5.75 [5.2-6.6] 5.8 [5.2-6.3] 5.8 [5.2-6.4] 0.37

Outcome
Enrolled participants

N=11
CAS at any point 7 (63.6)

First AI to first CAS interval (days) 41.6 ± 26
PPROM 8 (72.7)

First AI to first PPROM interval (days) 57.8 ± 32.7
Spontaneous rupture of membranes 8 (72.7)

GA at spontaneous rupture of 
membranes

31.4 [27.2-34.5]

Preterm labor 2 (18.2)
GA at birth (weeks) 34.1 ± 1.6
GA at delivery (weeks)

< 32 2 (18.2)
32-34 7 (63.6)
≥ 35 2 (18.2)

Birthweight (g) 2091.4 ± 450.1
First AI to delivery interval (days) 77.8 ± 18.1
Last AI to delivery interval (days) 5 [1-28]
First AI to last AI (days) 62 ± 23.5


