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Abstract

Background—*etal aortic valvuloplasty (FAV) may prevent progression of mid-gestation aortic
stenosis (AS) to hypoplastic left heart syndrome (HLHS). However, FAV has well-established
risks, and its survival benefit remains unknown. Our primary aim was to determine if FAV for mid-
gestation AS increases survival from fetal diagnosis to age 6.

Methods and Results—We performed a retrospective analysis of 143 fetuses who underwent
FAV from 2000-2017 and a secondary analysis of the Pediatric Heart Network Single Ventricle
Reconstruction trial. Using these results, we developed a decision model to estimate probability of
transplant-free survival from fetal diagnosis to age 6 and postnatal restricted mean transplant-free
survival time (RMST). FAV was technically successful in 84% of 143 fetuses with fetal demise in
8%. Biventricular circulation was achieved in 50% of 111 liveborn infants with successful FAV but
in only 16% of the 19 patients with unsuccessful FAV. The model projected overlapping
probabilities of transplant-free survival to age 6 at 75% (95% CI 67% - 82%) with FAV versus
72% (95% CI 61% - 82%) with expectant fetal management, resulting in a RMST benefit of 1.2
months. When limiting analyses to the improved FAV experience since 2009 to reflect current
practice, probability of technical success (94%), fetal demise (4%), and biventricular circulation
(66%), the model projected that FAV increased the probability of survival to age 6 to 82% (95% ClI
73% - 89%). Expectant management is favored if risk of fetal demise exceeded 12% or probability
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of biventricular circulation fell below 26%, but FAV remained favored over plausible recent range
of technical success.

Conclusions—Our model suggests that FAV provides a modest, medium-term survival benefit
over expectant fetal management. Appropriate patient selection and low risk of fetal demise with

FAV are

Methods

critical factors for obtaining a survival benefit.

Hypoplastic left heart syndrome (HLHS) comprises a spectrum of cardiac malformations
characterized by significant underdevelopment of left heart structures and implies a left heart
unable to support systemic circulation. Mid-gestation fetuses with severe aortic stenosis
(AS) and a normal sized or dilated left ventricle with systolic dysfunction frequently develop
HLHS by birth.1=3 Characteristics on fetal echocardiogram that predict progression of mid-
gestation fetal AS to HLHS include at least moderate left ventricular dysfunction, retrograde
flow in the transverse aortic arch, and left-to-right flow through the patent foramen ovale.1-%
First performed in the early 1990, fetal aortic balloon valvuloplasty (FAV) has shown
promise in averting /7 utero progression of AS to HLHS.”-12 Selection criteria for FAV and
postnatal outcomes have previously been published and demonstrate lower mortality in the
biventricular group compared to the HLHS group.13

However, the potential benefit of FAV must be weighed against the known risk of fetal
demise and the possibilities of a technically unsuccessful procedure, and/or postnatal single
ventricle circulation despite a technically successful FAV. A randomized trial of FAV versus
expectant fetal management of AS with evolving HLHS is impractical given the relative
rarity of the condition, likely enrollment difficulties, and potential strong patient and
physician preferences. Decision analysis provides an alternative approach to comparing two
treatments. In the presence of uncertainty, decision analysis quantifies the expected value of
alternative treatment strategies and identifies the key parameters that drive potential benefit.
By varying the model parameters, such as probability of fetal demise or a biventricular
circulation after a technically successful procedure, decision analysis can identify thresholds
above or below which the procedure loses expected benefit. These data could inform patient
selection for FAV, enhance pre-procedural counseling, and focus research and clinical
attention on factors that improve the expected benefit of FAV.

The primary aim of this study was to determine the optimal fetal management strategy for
mid-gestation fetal AS with evolving HLHS to maximize the probability of survival to age 6
years using decision analysis. Secondary study aims included determining the treatment
strategy that maximizes restricted mean transplant-free survival time at 3 and 6 years, and
identifying thresholds for technical success, fetal demise, and probability of biventricular
circulation at which the expected benefit of FAV is lost.

Patient Population

The decision model considers all mid-gestation fetuses with aortic stenosis and evolving
HLHS who are deemed eligible for FAV. Our selection criteria for FAV have evolved over
time and have previously been published.1214-16 patients were excluded if the indication for
FAV was either a) severe mitral regurgitation with intact atrial septum and giant left atrium
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or b) intact atrial septum, or if they were still /n utero as of January 2018. To inform
parameter estimates, we performed a retrospective review of all available records of fetuses
who underwent FAV for evolving HLHS at our institution from the initiation of the program
in March 2000 to December 2017 to determine the following outcomes: technical success of
FAV, fetal demise, postnatal circulation type (biventricular versus single ventricular), and
survival at ages 3 and 6 years.

Due to the limited number of single ventricle (SV) patients in the FAV cohort with long-term
follow-up, we derived SV survival estimates from a secondary analysis of the mitral
stenosis/aortic stenosis (MS/AS) subgroup of the Pediatric Heart Network Single Ventricle
Reconstruction (SVR) trial.1” Analysis was restricted to MS/AS because this subtype of
HLHS is most physiologically similar to fetal AS patients with evolving HLHS and has
better outcomes than the mitral or aortic atresia subtypes.1819 We excluded MS/AS patients
who had undergone FAV or biventricular conversion. The inclusion and exclusion criteria
and follow-up protocol for the SVR trial have been previously published.1”-18 Because 3-
year and 6-year follow-up outcomes did not differ by right ventricle to pulmonary artery
versus modified Blalock-Taussig shunt, we did not stratify by shunt-type.18:19

Decision Analytic Model

For fetuses with mid-gestation aortic stenosis with evolving HLHS who are eligible for FAV,
as defined above, the decision tree considered the strategies of FAV or expectant
management (Figure 1). For those who undergo FAV, there is a probability of technical
success (vs. technically unsuccessful procedure), subsequent fetal demise, achievement of
postnatal biventricular circulation (vs. SV circulation), and transplant-free survival to ages 3
and 6 years. For those who do not undergo FAV, there is a probability of fetal demise and
postnatal biventricular circulation, and transplant-free survival to ages 3 and 6 years. The
model assumes that the prognosis of a fetus who underwent a technically unsuccessful
procedure, which is often the result of inability to properly position the fetus, is equivalent to
the outcome of an eligible fetus who did not undergo the procedure. As such, the probability
of biventricular circulation after a technically unsuccessful procedure is derived from our
cohort and assumed to be the probability of biventricular circulation for an eligible patient
who did not undergo the procedure (i.e. probability of biventricular circulation is 16% in
both groups). Because no significant maternal complications related to FAV have occurred in
our cohort, the model did not consider FAV-related maternal risk (15). The model also
assumes that patients who had a technically successful FAV but with postnatal SV
circulation had the same 3- and 6-year transplant-free survival as SV patients who either did
not undergo or had a technically unsuccessful procedure. The primary outcome is
probability of transplant-free survival from fetal diagnosis to age 6 years for FAV versus
expectant management. Secondary outcomes include probability of transplant-free survival
to age 3 years and restricted mean transplant-free survival time (RMST) up to age 3 and 6
years, i.e., the area under the transplant-free survival curve (or mean life expectancy) up to
ages 3 and 6.20

All analyses were performed using TreeAge Pro 2018 (Williamstown, MA), SAS version 9.4
(SAS Institute, Cary, NC), R version 3.6.1, and SPSS version 24 (IBM Corp. Armonk, NY).
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Table 1 presents the model parameter probabilities.

Technical Success

The technique for FAV used at our institution has been previously described.12:21.22 A
technically successful FAV was defined as one in which the aortic valve was crossed and a
balloon inflated, with clear evidence of increased flow across the valve and/or new aortic
regurgitation (AR). There have been no significant changes in FAV technique from the
description published by Marshall et al.2! For the two fetuses who underwent more than one
FAV procedures during this study period, only the technical success of the first procedure
was considered.

Fetal Demise

FAV may result in fetal demise. We determined the probability of fetal demise by combining
the demise rate in all fetuses who underwent FAV, both technically successful and
unsuccessful procedures, and assumed that rate applied to all fetuses regardless of technical
success or not. In the absence of FAV, Beroukhim et al. reported the probability of fetal
demise for prenatally diagnosed standard risk HLHS, after excluding cases of elective
termination.23

Postnatal Circulation

Survival

Postnatal management of fetuses who underwent FAV varied based on provider and
postnatal institution (all fetuses had FAV at our institution but many were born and managed
postnatally elsewhere). Circulation type (single versus biventricular) was classified based on
circulation at the time of discharge from the neonatal hospital stay. Biventricular circulation
was defined as left ventricle being the only source of systemic cardiac output with no
intracardiac shunt apart from an atrial communication. Any patient who required a Stage 1
or hybrid palliation was classified as SV circulation. In this analysis, the single to
biventricular conversion patients (n=6) were classified in the SV group. One live born
patient was excluded from the analysis due to premature birth at 32 weeks and postnatal
comfort care. It is assumed that the probability of biventricular circulation for a fetus who
did not have FAV is equivalent to that of a fetus who had a technically unsuccessful
procedure.

We plotted Kaplan-Meier curves over 6 years for patients who underwent FAV and achieved
a biventricular circulation and for SV patients with aortic and mitral stenosis enrolled in the
SVR trial (Figure 2). Restricted mean survival time (RMST), which is the average
transplant-free survival time, was calculated as the area under the survival curves to ages 3
and 6 years using Riemann sums for each day of follow-up.24 RMST is interpretable as ‘life
expectancy’ to the specified time point and is an alternative measure of treatment effect that
remains valid under any distribution of time to event, such as when the proportional hazards
assumption is breached.?® The time horizon for RMST and probability of transplant-free
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survival at ages 3 and 6 were selected to correspond to previously published outcome data
from the SVR trial.

Sensitivity Analyses

Results

A probabilistic sensitivity analysis (PSA) with Monte Carlo simulation was performed with
10,000 simulations to estimate the mean expected values and 95% Cls. The PSA
incorporates uncertainty in the precision of the parameters (second order uncertainty) by
sampling the value for each model probability parameter from beta distributions. RMST was
calculated as the area under the transplant-free survival curves to ages 3 and 6 years using
the method described by Zhao et al.28 The mean value and 95% CI of the 10,000 simulations
are presented, as well as the frequency of simulations in which FAV was the favored strategy
to maximize transplant-free survival or RMST. The delta RMST value for each of the 10,000
simulations (FAV — no FAV) was plotted as a frequency distribution.

One- and two-way sensitivity analyses were performed using the deterministic model (i.e.
fixed probabilities, not sampled from a distribution). The value of each parameter was varied
over a clinically plausible range based on clinical experience and previously published
estimates to determine if the preferred strategy changed. If the preferred strategy changed
with variation, we determined the threshold value for that parameter. Table 1 lists the
baseline values and the plausible range of values over which we varied that parameter.
Ranges were based on previously published values and expert consensus.

Because of modification of FAV selection criteria in 2009 and improved outcomes, we
performed an additional analysis reflecting our current practice. In the post-2009 analysis,
we included parameters obtained only from patients who underwent FAV from January 2009
to December 2017 except for probability of biventricular circulation after a technically
unsuccessful procedure, which was derived from the entire cohort (2000-2017) as there were
insufficient technically unsuccessful procedures after 2009 to produce a stable estimate.

The International Fetal Cardiac Intervention Registry (IFCIR), which includes 18
institutions, previously reported the outcomes of 86 FAVs (Table 2).11 They excluded from
their cohort the 100 previously reported FAV cases from our institution. We performed a
secondary analysis substituting probabilities for fetal demise, technical success, and
biventricular circulation from their previously published data to determine impact on
preferred management strategy.

This study was conducted with the approval from the Committee for Clinical Investigation at
Children’s Hospital Boston and the Institutional Review Board at Brigham and Women’s
Hospital.

In the 143 fetuses who underwent FAV from March 2000 to December 2017 at our
institution, technical success occurred in 120 (84%). Fetal demise occurred in 12 (8%), of
whom 9 fetal losses were attributed directly to FAV. Biventricular circulation after
technically successful FAV was achieved in 56/111 (50%). Biventricular circulation was
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achieved in 3 of 19 (16%) patients who had a technically unsuccessful FAV. Since 2009
(n=71), all outcomes have improved including probability of technical success (94%), fetal
demise (4%), and biventricular circulation (66%) (Table 1).

In the group of patients who underwent FAV and achieved biventricular circulation, there
were 4 deaths (3 cardiac deaths and 1 car accident) and 1 orthotopic heart transplant over a
median follow-up of 5.0 years (0.3-17.3 years). One of the deaths was following transplant.
Transplant-free survival at 6 years was 92% (95% CI 83% - 100%) (Table 1 and Figure 2).

In the SVR trial, there were 57 patients with MS/AS who had not undergone FAV or
biventricular repair. Transplant-free survival at 6 years was 72% (95% CI 58% - 82%) (Table
1 and Figure 2).

Baseline Analysis

FAV for management of mid-gestation AS with evolving HLHS increased the probability of
survival from fetal diagnosis to age 3 from 75% (95% CI 64% - 84%) to 78% (95% CI 70%
- 84%) and to age 6 from 72% (95% CI 61% - 82%) to 75% (95% CIl 67% - 82%). FAV
increased the restricted mean transplant-free survival time by 0.5 months [29.9 months (95%
Cl 27.7-31.9) versus 29.4 months (95% CI 26.5-32.2)] at age 3 and by 1.2 months [58.2
months (95% CI 53.5-62.5) versus 57.0 months (95% CI 50.8-62.8)] at age 6.

When limiting our analysis to contemporary estimates of fetal demise, technical success, and
biventricular circulation from patients who underwent FAV from January 2009 to December
2017 (Table 1), FAV increased the probability of survival to age 6 by from 72% (95% ClI
61% - 81%) to 82% (95% CI 73% - 89%) and RMST by 5.5 months at age 6 [62.6 months
(95% CI 57.8 — 66.6) versus 57.1 years (95% CI 50.8-62.9)].

Sensitivity Analyses

Univariate sensitivity analyses tested the stability of the model results to alternative
assumptions. When varying the probability of technical success over the clinically plausible
range (70%-100%), FAV remained the preferred strategy. However, FAV was no longer
preferable when probability of technical success fell below 24%. If the risk of fetal demise
after FAV exceeded 12% or the probability of a biventricular circulation following a
technically successful FAV fell below 26%, expectant fetal management was the preferred
strategy. A two-way sensitivity analysis (Figure 3) illustrates the joint effect of the
probabilities of fetal demise and biventricular circulation after FAV on the preferred strategy
that maximizes probability of survival to age 6. In the post-2009 analysis, a lower
probability of achieving a biventricular circulation after technically successful procedure can
be tolerated (threshold 8%) due to reduced risk of fetal demise and increased probability of
technical success.

In probabilistic sensitivity analyses, FAV was the preferred strategy in 81% of simulations in
the baseline analysis and 99% of simulations in the post-2009 analysis when maximizing the
probability of transplant-free survival to age 6 years. The delta RMST value for each of the
10,000 simulations (FAV — no FAV) was plotted as a frequency distribution. A value of 0
indicates the two strategies had equal expected RMST; a positive value indicates FAV has a
greater expected RMST (preferred strategy) and a negative value indicates expectant
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management has a greater expected RMST. FAV was the preferred strategy in 67% of
simulations in the baseline analysis when maximizing RMST to age 6 (Figure 4).

In a secondary analysis substituting probabilities for fetal demise, technical success, and
biventricular circulation from the previously published IFCIR data, FAV no longer conferred
a survival benefit compared to expectant management. Probability of transplant-free survival
from fetal diagnosis to age 6 with expectant management was 66% (95% CI 52% - 78%)
compared to 64% (95% CI 55% - 74%). Expectant management was the preferred strategy
to maximize transplant-free survival in 59% of simulations. If the probability of
biventricular circulation after a technically successful procedure exceeded 52%, then FAV
was preferred.

Discussion

The choice between continued expectant management versus attempted FAV facing fetal
cardiologists and families of fetuses with severe mid-gestational AS and evolving HLHS
remains one of the most controversial in our field. To aid in this choice, we used decision
analysis to compare the risk of harms and benefits of these two management pathways. We
found that FAV, when performed at an experienced center with appropriately selected
candidates, modestly increases the probability of medium-term survival to ages 3 and 6
years despite the upfront risks. Prior to our analysis, postnatal survival in biventricular
patients after FAV had been shown to be higher than in single ventricle patients, but FAV
carries risks of a technically unsuccessful procedure and fetal demise as well as single
ventricle circulation despite FAV.13 These factors had not been accounted for when
considering only postnatal survival.

Our decision model also identified individual and institutional thresholds above or below
which FAV no longer conferred a survival benefit. When we repeated our analyses with data
on technical success, fetal demise, and probability of postnatal biventricular circulation from
the International Fetal Cardiac Intervention Registry study, which excluded the first 100
cases from our institution, FAV did not improve survival probability.1! Part of the reason for
this is the higher probability of fetal demise and lower probability of technical success
reported in the IFCIR. In congenital heart procedures, as in many other medical and
nonmedical fields, higher volume is associated with better outcomes, particularly for
complex and rare procedures.2” FAV is precisely such a procedure, requiring both careful
patient selection and an experienced multidisciplinary team (maternal fetal medicine, fetal
cardiology, pediatric interventional cardiology, anesthesiology, radiology). We are unable in
this analysis to determine the relative contribution of subspecialists to the outcome. Our
baseline analysis determined that if the risk of fetal demise exceeds 12%, the expected 6-
year survival benefit of FAV is lost and expectant management is favored. This relatively
narrow range for fetal demise rate reflects both the importance of patient selection and of
technically proficient and experienced centers.

The lower rate of postnatal biventricular circulation after technical success reported in the
IFCIR data, as compared to our institutional data, was also a contributing factor to the
absence of a survival benefit with FAV. Threshold analysis using IFCIR data in the model
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revealed that FAV would be preferred if probability of biventricular circulation surpassed
52%. There were no standardized patient selection criteria among the 18 centers included in
the IFCIR, which may have contributed to FAV being performed on fetuses with very low
probability of left ventricular recovery and postnatal biventricular circulation. In addition,
postnatal management strategy (single versus biventricular) is a clinical decision based on
best-available data, center experience, and provider and parent preference. As such, there
may be variability in postnatal management unrelated to patient-level factors. Furthermore,
survival with a biventricular circulation, especially in borderline cases, requires
multidisciplinary care and expertise, which may limit the generalizability of our
biventricular survival estimates to other institutions.

Incorporating previously published (or locally developed) prediction models for the
likelihood of biventricular circulation into our decision model would enable personalized
decision making.16 Friedman et al. previously published a classification and regression tree
analysis that identified probability of biventricular circulation based on fetal
echocardiographic parameters. We adapted this figure to demonstrate the application of our
model-identified threshold for probability of biventricular circulation with technical success
to existing prediction models (Figure 5). For example, if fetal echocardiographic parameters,
such as left ventricular pressure and ascending aortic Z-score, predict a probability of
biventricular circulation below 26%, our decision model supports expectant management.
However, if technical success and risk of fetal demise improve with refinement of technique,
this threshold falls to 7%. Since 2009, the risk of procedure-related fetal demise after FAV at
our institution has decreased to 4%. Notably, our estimates were derived from relatively
small numbers, with fortunately few demises, so caution should be taken in their
interpretation.

Although 6-year transplant-free survival with FAV does not necessarily confer a longer-term
benefit, we anticipate that the survival benefit will persist and possibly increase over decades
of follow-up. Biventricular patients avoid risks for Fontan-related complications or
dependence on a systemic right ventricle and tricuspid valve. Although the risks of single
ventricle physiology are well known, the long-term prognosis for biventricular patients after
FAV remains uncertain, particularly the risk of developing left ventricular diastolic
dysfunction resulting in left atrial and pulmonary hypertension.28:2° Therefore, as longer
term follow-up data emerge from our FAV cohort and others as well as from the SVR trial
and other single ventricle cohorts, analyses such as ours will need to be repeated.

While transplant-free survival is an important and relevant outcome, it does not capture all
the costs and quality of life decrements associated with both single and biventricular
postnatal management. Cost and quality of life were not considered in our model due to the
absence of data for these procedures and population. Although much progress has been
made in quantifying disease-specific and general health-related quality of life in children
with CHD, these measures have not yet been used as a surrogate for utilities in cost-
effectiveness analyses. Given the modest benefit of FAV with regards to medium-term
transplant-free survival, further research on both cost and quality of life of all possible
strategies would be necessary to inform incremental cost-effectiveness analyses and help
guide decision making from both individual and societal perspectives.
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Besides the aforementioned assumptions, additional limitations merit consideration. First,
the model values fetal demise as equivalent to a postnatal death. It is beyond the scope of
this study to consider the relative impact of the timing of a death, but it may factor into the
decision making of some parents.30 Second, we assume survival of a single ventricle patient
who had a technically successful procedure is equivalent to someone who did not undergo
FAV. It is possible that additional antegrade aortic flow, even if insufficient to support an
entire cardiac output, confers a survival benefit. However, this has not been evaluated to
date, so the model conservatively assumed no benefit of FAV in the single ventricle patient.
Third, we included a non-cardiac death (e.g., car accident) in our survival estimate. This may
underestimate the benefit of FAV on survival. All of the above limitations and assumptions
biased our results against FAV as the preferred strategy, so the model’s estimated
comparative benefit from FAV could be considered conservative.

Conclusion

Fetal aortic valvuloplasty for the management of mid-gestation AS with evolving HLHS
modestly increases the probability of transplant-free survival and life expectancy to ages 3
and 6 years. When restricting the analysis to post-2009 to reflect our current practices and
outcomes, the survival benefits of FAV increase further. Expectant management is favored if
risk of fetal demise exceeds 12% or probability of biventricular circulation falls below 26%,
suggesting that an experienced team and careful application of selection criteria are
imperative. Additional follow-up of patients receiving FAV into the second decade of life
and beyond are needed.
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What is Known

. Fetal aortic valvuloplasty (FAV) for mid-gestation aortic stenosis increases the
probability of postnatal biventricular circulation but carries risks, including
fetal demise, a technically unsuccessful procedure, and single ventricle
postnatal circulation despite technical success.

What the Study Adds
. Despite these upfront risk, our model suggests that FAV confers a modest
medium-term transplant-free survival benefit compared to expectant
management.
. The survival benefit of FAV was lost if risk of fetal demise exceeded 12% or

probability of biventricular circulation fell below 26%.
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Figure 1: Decision Tree for the Management of Mid-gestation Aortic Stenosis with Evolving
Hypoplastic Left Heart Syndrome

Decision tree with the square representing a decision node for the choice between fetal
aortic valvuloplasty versus expectant management for the management of mid-gestation
aortic stenosis with evolving hypoplastic left heart syndrome. The circles represent chance
nodes, and the triangles represent terminal nodes (dead or alive).
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Figure 2. Kaplan-Meier Postnatal Survival Analysis
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—— Biv Post FAV

—— Single Ventricle

Kaplan-Meier curve demonstrating the transplant-free survival from live birth to age 6 for
patients with biventricular circulation (Biv) status post fetal aortic valvuloplasty (FAV) and
with single ventricle (mitral stenosis/aortic stenosis) circulation enrolled in the Single
Ventricle Reconstruction (SVR) Trial, excluding those who underwent FAV or biventricular

conversion.
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Probability of Biv

Probability of Fetal Demise

Figure 3. Two-way Sensitivity Analysis
Two-way sensitivity analysis of optimal strategy to maximize 6-year survival for

management of mid-gestation aortic stenosis over a range of probabilities of fetal demise (x
axis) and postnatal biventricular (Biv) circulation after technically successful fetal aortic
valvuloplasty (FAV) (y axis). Values for the two parameters that fall in the shaded blue area
favor FAV, and those that fall in the shaded red area favor no FAV. The asterisks represent the
base case and post-2009 values, both of which are in the blue area.
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Figure 4. Frequency Histogram of Difference in Restricted Mean Transplant-free Survival Time
(RMST) for Fetal Aortic Valvuloplasty (FAV) versus Expectant Management.

The delta RMST value (months) to age 6 years for each of the 10,000 simulations (FAV —
No FAV) was plotted as a frequency distribution. The Y axis is the number of simulations
with that delta RMST value. A value of 0 indicates the two strategies had equal expected
RMST and is represented by the black bar. A positive value indicates FAV had a greater
expected RMST (preferred strategy) and a negative value indicates expectant management
(No FAV) had a greater expected RMST.

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2021 April 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Page 17

Asc Ao
Z-score =20.6

LV pressure
> 47 mmHg

Pickard et al.
Mid-gestation
Echocardiogram
Asc Ao
Z-score < 0.6
MV inflow time MV inflow time LV pressure
Z-score < -2.6 Z-score =-2.6 <47 mmHg
MV Z-score < 1.5 MV Z-score =21.5

Figure 5. Classification and Regression Tree Analysis (CART) for Mid-gestation

Echocardiographic Parameters

Our model identified a threshold probability of biventricular circulation above which fetal
aortic valvuloplasty provides a 6-year transplant-free survival benefit. The threshold value
(26%) is applied to the previously published CART diagram, which identified probabilities
of postnatal biventricular circulation based on fetal echocardiographic parameters.16 Green
boxes exceed the threshold, i.e., perform FAV; orange is within +/— 10% of the threshold;
red boxes fall below the threshold, i.e., No FAV. Adapted with permission from Friedman et
al, Improved technical success, postnatal outcome and refined predictors of outcome for
fetal aortic valvuloplasty. Ultrasound Obstet Gynecol. 2018;52:212-220.16
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