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Abstract

Introduction: Invasive fetal cardiacintervention (FCI) for pul-
monary atresia with intact ventricular septum (PAIVS) and
critical pulmonary stenosis (PS) has been performed with

small single-institution series reporting technical and physi-
ological success. We present the first multicenter experi-
ence. Objectives: Describe fetal and maternal characteristics
of those being evaluated for FCl, including pregnancy/neo-
natal outcome data using the International Fetal Cardiac In-
tervention Registry (IFCIR). Methods: We queried the IFCIR
for PAIVS/PS cases evaluated from January 2001 to April
2018 and reviewed maternal/fetal characteristics, procedur-
al details, pregnancy and neonatal outcomes. Data were an-
alyzed using standard descriptive statistics. Results: Of the
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84 maternal/fetal dyads in the registry, 58 underwent pul-
monary valvuloplasty at a median gestational age of 26.1
(21.9-31.0) weeks. Characteristics of fetuses undergoing FCl
varied in terms of tricuspid valve (TV) size, TV regurgitation,
and pulmonary valve patency. There were fetal complica-
tions in 55% of cases, including 7 deaths and 2 delayed fetal
losses. Among those who underwent successful FCI, the ab-
solute measurement of the TV increased by 0.32 (0.17) mm/
week from intervention to birth. Among 60 liveborn with
known outcome, there was a higher percentage having a bi-
ventricular circulation following successful FCl (87 vs. 43%).
Conclusions: Our data suggest a possible benefit to fetal
therapy for PAIVS/PS, though rates of technically unsuccess-
ful procedures and procedure-related complications, includ-
ing fetal loss were substantial. FCl criteria are extremely vari-
able, making direct comparison to nonintervention patients
challenging and potentially biased. More uniform FCl criteria
for fetuses with PAIVS/PS are needed to avoid unnecessary
procedures, expose only fetuses most likely to sustain a ben-
efit, and to enable comparisons to be made with noninter-
vention patients. © 2020 S. Karger AG, Basel

Introduction

Critical pulmonary stenosis (PS) or pulmonary atre-
sia with intact ventricular septum (PAIVS) are rare
forms of congenital heart disease characterized by right
ventricular outflow tract (RVOT) obstruction, varying
degrees of right ventricular (RV) hypoplasia, tricuspid
valve (TV) hypoplasia, and RV to coronary artery con-
nections, with long-term outcomes ranging from single
ventricle palliation to a biventricular circulation [1].
Treatment requires a variety of surgical and trans-cath-
eter interventions early in life. Initial postnatal interven-
tions range from a modified Blalock-Taussig (BT) shunt
or ductal stent insertion, in patients who are not candi-
dates for RV decompression, and therefore destined for
a single ventricle palliation, to transcatheter radiofre-
quency perforation and pulmonary balloon valvuloplas-
ty or surgical valvotomy in patients thought to be suit-
able for an eventual biventricular repair [2-4].

Fetal and postnatal studies have demonstrated that
TV size and coronary artery abnormalities are impor-
tant factors in determining a single versus biventricular
circulation [2, 5-10]. Fetal studies have suggested that a
hypoplastic TV (z-score <-3) at initial assessment [6,
11] as well as a lower rate of TV growth through gesta-
tion are associated with a single-ventricle circulation
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[6]. Postnatally, a TV z-score of <5 has been used as a
cut-off for determining single-ventricle circulation [2],
but there is variability in cut-off values used in practice
[12].

With improvements in fetal echocardiography and
catheterization techniques, some centers have begun of-
fering fetal cardiac intervention (FCI) for specific car-
diaclesions, including PAIVS and critical (PS). The goal
of fetal pulmonary valvuloplasty (FPV) is to decompress
the hypertensive RV and promote inflow and outflow of
the RV which could result in an improved fetal circula-
tion with growth of the TV and RV, making it amend-
able to biventricular repair postnatally. Additionally, fe-
tuses with PAIVS or critical PS with significant TR are
at risk for developing hydrops and FCI may be used to
prevent or reverse hydrops in these cases.

There are small single-institution series that have re-
ported technical and physiological success in promoting
achievement of biventricular circulation after birth in
PAIVS/PS [13-19], but no multicenter experience has
been published. Due to the rarity of FCI, the Interna-
tional Fetal Cardiac Intervention Registry (IFCIR) was
created with the intent to compile experience, technical
aspects of the cases, and limited outcome data across
multiple international centers. The initial IFCIR report
included 16 cases of pulmonary valvuloplasty [20]. In
this article, we expand the scope of the initial report to
describe the first multicenter experience of FCI for
PAIVS/PS, including fetal and maternal characteristics
of those undergoing FCI, the technical aspects of the
procedure, as well as pregnancy and neonatal outcome
data.

Methods

International Fetal Cardiac Intervention Registry

Details of the IFCIR have been described previously [20].
Briefly, it is a voluntary international registry established in 2011
that collects pregnancy, perinatal, operative, and perioperative
data for maternal/fetal dyads who were referred to specialist cen-
ters for evaluation regarding potential benefit from an FCI. The
254 data fields include demographic information, anatomic diag-
nosis and characteristics, including ultrasound and echocardio-
graphic findings, operative details including technical success of
the procedure, complications incurred at the time of the proce-
dure or during the remaining pregnancy, and pregnancy and neo-
natal outcome including neonatal procedures and death. Infor-
mation is de-identified and entered by the local site or centrally
by an IFCIR data center representative. Participating IFCIR mem-
ber sites obtained local Institutional Review Board and ethics
board approval or a waiver, governed by applicable local stan-
dards.

Hogan et al.



84

Evaluated for fetal
pulmonary valvuloplasty

26
Fetal pulmonary
valvuloplasty NOT attempted

58
Fetal pulmonary
valvuloplasty attempted

18 8
Not offered Family declined
fetal intervention fetal intervention
11 1 5 3
Did not meet Maternal Postnatal TOP
fetal criteria contraindication intervention
6
Not available
at center
12 2 41 15
No fetal pulmonary Success not Technically Not technically
valvuloplasty described successful successful
5 4
[ | Fetal demise [ | Fetal demise
1
Unknown
12 2 35 11
Liveborn Liveborn Liveborn Liveborn
9 2 31 10
Alive at D/C Alive at D/C Alive at D/C Alive at D/C
4 1 27 4
Biventricular Biventricular Biventricular Biventricular
2 1 3 2
1 1/2 ventricle Single ventricle 11/2 ventricle 1 1/2 ventricle
2 1 2
Single ventricle Unknown Single ventricle
1 2
Transplant Unknown

Fig. 1. Fetal pulmonary atresia with intact ventricular septum and pulmonary stenosis. Cases evaluated for fetal
pulmonary valvuloplasty in the IFCIR database with pregnancy outcome and ventricular status at last follow-up.

TOP, termination of pregnancy.

Case Selection

For this descriptive analysis, the IFCIR was queried for all cas-
es of “Critical RVOT Obstruction” which included PAIVS and
critical PS between January 2001 and April 2018 for possible FCI.
There are no currently accepted criteria for FPV in the setting of
PAIVS/PS in mid-gestation. Thus, fetuses were considered appro-
priate candidates for inclusion in this report if they were consid-
ered for pulmonary FCI by an institution and either (1) underwent
FCI or (2) did not undergo intervention due to noncardiac reasons
(e.g., maternal contraindication, patient preference, and others).

Multicenter Report of Fetal Valvuloplasty
for PAIVS/PS

Clinical and Echocardiographic Data

Prenatal clinical data queried included gestational age (GA) at
initial consultation, decision regarding fetal intervention, GA at
fetal intervention, operative details including medication use,
technical success (defined as the balloon being inflated across the
RVOT with an increase in forward flow by color and/or new pul-
monary insufficiency), complications, and pregnancy outcome.
Postnatal clinical data included age at delivery, mode of delivery,
cardiac interventions, and postnatal ventricular outcome and sur-
vival.
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Table 1. Baseline fetal characteristics

(descriptive rather than comparative All No FCI ECI
statistics only) (n=70) (n=12) (n=>58)
GA echo, weeks 25.4 (2.9) 25.7 (3.9) 25.2 (2.7)
Pulmonary valve
Size, mm 4.0 (0.8) 4.0(1.2) 4.0 (0.7)
Z-score -1.5(1.6) -1.6 (3.0) -1.4(1.2)
Antegrade flow 34 (49%) 7 (58%) 27 (51%)
Tricuspid valve
Size, mm 6.4 (1.7) 5.4 (1.4) 6.7 (1.7)
Z-score -1.6 (1.7) -3.0(1.5) -1.3(1.7)
Degree of tricuspid regurgitation
None 2 (3%) 2 (17%) 0
Mild 6 (9%) 2 (17%) 4 (7%)
Moderate 12 (17%) 4 (33%) 8 (14%)
Severe 37 (53%) 4 (33%) 33 (57%)
Unknown 13 (18%) 0 13 (22%)
Presence of hydrops 5 (7%) 2 (17%) 3 (5%)

Data are presented as mean (SD) or #n (%). FCI, fetal cardiac intervention; GA, gesta-

tional age.

Prenatal echocardiographic data queried included GA at initial
fetal echo, maximum size of the pulmonary and tricuspid valves,
presence of and degree of tricuspid regurgitation (TR), presence of
antegrade pulmonary blood flow, and the presence of hydrops (de-
fined as fluid in 2 or more compartments). TR was evaluated by
color Doppler assessment as follows: small/narrow jet extending
only partly into the receiving chamber as mild, larger/wider jet ex-
tending midway or further into the atrium as moderate, and a wid-
er/broad jet with associated right atrial enlargement as severe re-
gurgitation. Pulmonary and tricuspid valve measurements were
transformed to z-scores with an online calculator which indexed
values for GA, using published data [21]. Postnatal echocardio-
graphic data included GA, weight, and length at initial postnatal
echo, size of the pulmonary and tricuspid valves, presence of and
degree of TR, presence of antegrade pulmonary blood flow, and
the presence of hydrops. Postnatal pulmonary and tricuspid valve
measurements were transformed to z-scores using the Boston
Children’s Hospital online calculator [22, 23], which indexes val-
ues based on infant body surface area.

Statistical Analysis

Data were analyzed using standard descriptive statistics as ap-
propriate. Means with standard deviations and medians with rang-
es are reported for continuous variables and frequencies with per-
centages for categorical variables. Patients with missing data were
excluded from analyses involving that variable but were included
in the overall reporting as appropriate.

Results

At the time of the data query in April 2018, there were
84 maternal-fetal dyads evaluated for FPV from a total of
14 international centers, of which FCI was attempted in
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58 dyads. Of the 26 not undergoing intervention, 11 were
felt not to meet fetal criteria by the individual center, and
15 met fetal criteria but did not undergo intervention
(Fig. 1). Of the 8 parents declining intervention, they cit-
ed excessive maternal risk in 1, excessive fetal risk in 2,
and financial or geographical reasons in 1. When exclud-
ing those patients that elected for termination and those
that were felt not to meet fetal criteria for intervention,
there were a total of 58 dyads undergoing FCI and 12 that
did not undergo FCI, for a total of 70 cases (Fig. 1).

Fetal Echocardiographic Characteristics

The echocardiograms at the time of evaluation oc-
curred at a mean GA of 25.4 (+2.9) weeks. Fetuses under-
going FCI had larger TV annuli and a greater degree of
TR than those not undergoing FCI (Table 1); therefore,
statistical comparisons were not performed between
groups. Descriptive data regarding the FCI fetuses are
shown; the mean TV size of those undergoing FCI was
6.7 (+1.7) mm which correlated with a mean TV z-score
of -1.3 (£1.7). Of those undergoing FCI, 17/58 (29%) had
aTV z-score of <-2and 6/58 (10%) had a TV z-score <-3.
Fetuses undergoing FCI had severe TR in 33 (57%), mod-
erate in 8 (14%), mild in 4 (7%), and unknown in 13
(22%) cases. There was minimal antegrade pulmonary
blood flow at the time of evaluation in 27 (51%) of those
undergoing FCI and in 58% in the non-FCI group. Five
fetuses had evidence of hydrops, 3 of which underwent
FCIL

Hogan et al.



Table 2. Pregnancy and neonatal outcome

All patients No FCI FCI Successful
(n=70) (n=12) (n=758) FCI (n=41)
Pregnancy outcome
Term 49 (70%) 9 (75%) 40 (69%) 29 (71%)
Preterm (<37 weeks) 11 (16%) 3 (25%) 8 (14%) 6 (15%)
Fetal death 2 (3%) 0 2 (3%) 2 (5%)
Periprocedural demise (<48 h) 7 (10%) 0 7 (12%) 3 (7%)
Unknown 1 (1%) 0 1 (2%) 1 (2%)
Delivery, live births, n n=:60 n=12 n=48 n=235
Cesarean 32/50 (64%) 7/12 (58%) 25/38 (66%) 17/29 (59%)
GA delivery, weeks 37.5(2.8) 37.3(3.3) 37.6 (2.7) 37.4(2.5)
Birth weight, g 3,005 (664) 3,034 (959) 2,997 (572) 3,010 (482)
First postnatal procedure
Pulmonary valvuloplasty 43 (72%)? 8 (67%) 35 (73%) 27 (77%)
Pulmonary valvotomy 3 (5%) 1 (8%) 2 (4%) 2 (6%)
BT shunt or ductal stent 3 (5%) 1 (8%) 2 (4%) 0
None 1 (1%) 0 1 (2%) 1 (3%)
Unknown 10 (17%) 2 (16%) 8 (17%) 5 (14%)
Neonatal outcome
Alive at discharge 52/59 (88%) 9/12 (75%) 43/47 (91%) 31/34 (91%)
Ventricular status among discharged alive
Biventricular 36 (69%) 4 (44%) 32 (74%) 27 (87%)
1 1/2 ventricle 7 (13%) 2 (22%) 5 (12%) 3 (10%)
Single ventricle 4 (8%) 1(11%) 3 (7%) 0
Conversion (2V to 1V) 1(2%) 1(11%) 0 0
Transplant 1(2%) 1(11%) 0 0
Unknown 3 (6%) 0 3 (7%) 1 (3%)

Data are presented as mean (SD) or n (%). FCI, fetal cardiac intervention; GA, gestational age; BT, Blalock-
Taussig. * Of the 43 patients that underwent pulmonary valvuloplasty as the first procedure, 12 underwent ductal
stenting at the time of the postnatal valvuloplasty.

Procedural Details of FCI

Of the 58 undergoing FCI, the procedure was consid-
ered successful in 41 (71%), unsuccessful in 15 (26%),
and unknown/not stated in 2 (3%). The median GA at
the time of FCI was 26.1 (range 21.9-31.0) weeks. Rou-
tine periprocedural tocolysis was used in 23 (49%) of cas-
es and included nifedipine (20, 87%) and indomethacin
(12, 52%). There was variability in the maternal anesthe-
sia used, with 28 (55%) receiving intravenous sedation
and regional anesthesia, 21 (41%) receiving local anes-
thesia, and 2 (4%) receiving general anesthesia. The vast
majority of fetuses (94%) received fentanyl and neuro-
muscular blockage for premedication, while 83% also re-
ceived atropine, and 6% received no premedication.
There were no maternal complications reported. One or

Multicenter Report of Fetal Valvuloplasty
for PAIVS/PS

more fetal complications occurred in more than half
(32/58,55%) of the cases, the most common being a peri-
cardial effusion requiring drainage (28/58, 48%) or bra-
dycardia requiring treatment (21/58, 36%). There were 3
cases of a pleural effusion or hemothorax. Procedural
death occurred in 3 patients with an additional 4 deaths
at <48 h following the procedure for a total of 7 peripro-
cedural deaths (12%).

Fetal Outcome

All fetal deaths occurred in those undergoing FCI. In
addition to the 7 periprocedural deaths, 2 fetuses died
>48 h following the intervention, for a total of 9 fetal
deaths (15.5%). Both of the late fetal deaths had devel-
oped a circular shunt from significant pulmonary insuf-
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Table 3. Postnatal echocardiogram

All Unsuccessful/  Successful
(n=49) no FCI FCI
(n=20) (n=29)
Pulmonary valve n=33 n=12 n=21
Size, mm 6.3(1.4) 5.9 (1.6) 6.6 (1.3)
Z-score -1.8(1.0) -1.9(0.7) -1.8(1.2)
Antegrade flow 30 (71%) 9 (56%) 21 (81%)
Tricuspid valve n=38 n=20 n=18
Size, mm 9.3(2.4) 8.5 (2.6) 9.9 (2.2)
Z-score -1.0 (1.6) -1.8(1.8) -0.5(1.4)
Degree of tricuspid
regurgitation n=37 n=16 n=21
None 5(13%) 2 (12%) 3 (14%)
Mild 7 (19%) 3 (19%) 4 (19%)
Moderate 14 (38%) 6 (38%) 8 (38%)
Severe 11 (30%) 5(31%) 6 (29%)

Data are presented as mean (SD) or n (%). FCI, fetal cardiac
intervention.

ficiency after FCI and died 6 and 34 days following the
procedure, presumably due to unfavorable hemodynam-
ics. The pregnancy outcome of 1 fetus that underwent
successful FCI is unavailable (Table 2). Fetal survival to
live birth (excluding pregnancy termination and those
lost to follow-up) was 83% in the FCI group and 100% in
the non-FCI group.

Postnatal Echocardiographic Characteristics

Of the 58 total FCI cases, neonatal echocardiographic
information was available for 49 (Table 3). Of the 41 who
underwent successful FCI, neonatal echocardiographic
information was available for 29. There were a total of 18
who underwent successful FCI, and who had both prein-
tervention and neonatal TV sizes available. Among those
who underwent successful FCI, the TV absolute measure-
ment increased by 0.32 (+0.17) mm/week from interven-
tion to birth (Fig. 2) and the TV z-score increased by a
mean of 1.4 from -1.89 (+£1.3) to -0.5 (+1.4).

Of the 25 liveborn fetuses who did not undergo FCI or
had an unsuccessful FCI, 20 had both preintervention
and neonatal TV sizes available. Among those fetuses, the
absolute TV dimension increased by 0.19 (+£0.15) mm/
week from initial assessment to birth, which was less than
in those who underwent successful intervention. The TV
z-score increased by a mean of 0.4 from -2.2 (£2.1) to
-1.8 (£1.8); however, postnatal z-scores were limited (n =
9, 36%) due to missing birthweights.
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Fig. 2. Change in tricuspid valve (T'V) size from prenatal to post-
natal evaluation. TV size plotted based on gestational age at prein-
tervention fetal echocardiogram and neonatal echocardiogram in
those undergoing successful fetal cardiac intervention (FCI; yel-
low) and those that did not undergo FCI or it was unsuccessful

(red).

Neonatal Outcome

Of the total 70 cases, there were 60 (86%) live births,
49 of which were term and 11 (18%) premature. Of those
born premature, the median GA at delivery was 34.6
weeks (range 30.0-36.6 weeks). Eight of the 11 (73%)
born premature had undergone FCI. The mode of deliv-
ery was available in 50 of the patients, with the majority
(64%) undergoing cesarean delivery, regardless of wheth-
er FCI was attempted (66%) or not (58%). Six neonates
required resuscitation at delivery, 1 of which died in the
delivery room. Of those who survived the delivery room
(n=59), most (n =43, 73%) underwent neonatal catheter
valvuloplasty, while a surgical pulmonary valvotomy was
performed in 3 (5%), and primary BT shunt or ductal
stent in 3 (5%). The first postnatal procedure was not re-
ported in 10 (17%) patients. Eighty-seven percent (52/60)
of all live births were alive at discharge. The hospital sur-
vival rate of the live births was higher in those undergoing
FCI than in those that did not (91 vs. 75%); however,
when fetal deaths (n = 9) were included, the survival rates
were similar (77 vs. 75%).

Ventricular Outcome

Of the 70 liveborn fetuses, 52 neonates were alive at
hospital discharge (Fig. 1). The median age at last assess-
ment was known for 41 neonates, with a median age of 16
months (range 2-192). Of the 52 neonates discharged
alive, 36 (69%) had a biventricular circulation, 7 (13%)

Hogan et al.
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had a 1 1/2 ventricle circulation, 5 (10%) had single-ven-
tricle circulation, and 1 (2%) had received a primary
transplant, with the remaining unknown at the time of
last assessment. Of those who underwent successful FCI
and were alive at discharge, 27/31 (87%) had a biventric-
ular circulation and 3/31 (10%) had a 1 1/2 ventricular
circulation. There were no neonates who underwent suc-
cessful FCI with single ventricle physiology at last assess-
ment, although the ventricular status was unknown for 1
neonate. For liveborn infants, biventricular circulation
was achieved more often when FCI was attempted and
successful, occurring in 87% (27/31) of neonates, com-
pared to 43% (9/21) in those without FCI or with unsuc-
cessful FCI.

Presence of Hydrops

Of the 5 fetuses with evidence of hydrops at the time
of evaluation, 3 underwent successful FCI. One fetus had
ademise at 34.4 weeks gestation after FCI. The remaining
4 were born prematurely: the FCI patients at 34.3 and 35.4
weeks, and the non-FCI patients at 30.0 and 31.4 weeks.
The only hydropic fetus that survived to discharge had
undergone FCIL.

Discussion

This is the first multicenter, international report of fe-
tal valvuloplasty for PAIVS/PS. We confirm that FPV is
feasible with a technical success rate of 71% (41/58), with
no reported maternal complications. However, fetal com-
plications were common, occurring in approximately
half of the cases, with a periprocedural death rate of 12%
(7/58) and total fetal death rate of 15.5% (9/58), which are
higher than reports for fetal aortic valvuloplasty [11].

TV diameter z-score is commonly used as a measure
of right ventricle (RV) cavity size after birth [2]. In neo-
nates, a TV z-score between -2.5 and -4.5 corresponds
with a borderline RV, and patients with a TV z-score <-5
exhibit severe RV hypoplasia [2]. In a large recently pub-
lished study, notable variability in the report of cut-off
points for postnatal interventional strategy was observed
[12]. To date, most studies in fetuses include a small num-
ber of patients. A z-score <-3 at initial fetal assessment
has been associated with single ventricle outcome [6, 7,
13,24], but there are scarce data regarding optimal cut-off
points for fetal intervention. Some may argue that fetal
intervention should only be considered in those fetuses at
risk of a single ventricle outcome. In the present study,
the mean TV z-score at initial fetal echocardiogram in the

Multicenter Report of Fetal Valvuloplasty
for PAIVS/PS

FCI group was -1.3 £ 1.7 (range —6.07 to +2.73), the TV
z-score was <-2 in only 17/58 (29.3%) fetuses and the z-
score <-3 in 6/58 (10.3%), suggesting that many of these
patients might have had a biventricular outcome even
without FCI.

Though this report does not represent a case-control
study, it does provide a snapshot of patients referred to
and evaluated for potential FCI in specialty centers. The
observation that those who underwent successful FCI
demonstrated increased growth of the TV through gesta-
tion compared to those that did not in this cohort is in-
teresting, though likely biased. The ventricular outcome
differed between the unmatched groups, with a higher
percentage having a biventricular circulation following
successful FCI (87 vs. 43%). However, the FCI group im-
portantly had less severe TV hypoplasia and more TR at
baseline, both of which are predictors for a biventricular
outcome. Therefore, it is difficult to conclude if the better
outcomes noted in the FCI group are due to this con-
founding factor or true benefit of the procedure. When
examining only fetuses who had FCI, there were some
successful FCI cases with an ultimate biventricular circu-
lation that would not have been predicted based on pub-
lished fetal predictors of ventricular status after birth. For
example, when retrospectively applying published pre-
dictors for a univentricular outcome, such as TV z-score
<=3 [5] and mild TR, there were fetuses that would have
been predicted to be univentricular that underwent suc-
cessful valvuloplasty with a resultant biventricular or 1
1/2 ventricular repair. Specifically, there were 4 fetuses
with a TV z-score <-3, 3 of which had a biventricular cir-
culation at 24, 40, and 72 months and the other an in
utero fetal demise. Three cases had only mild TR, and all
had a biventricular circulation, follow-up duration of 16
months for 1 and unknown for the other 2. In compari-
son, there were 6 fetuses that either did not undergo FCI
or it was unsuccessful with a TV z-score <-3. Of these, 2
had a biventricular circulation, 1 with 1 1/2 ventricular
circulation, 1 single ventricle, 1 was transplanted, and 1
died prior to intervention.

The effect of FCI on TV growth deserves further study.
We did not have a control group, but based on prior pub-
lications of natural history cohorts, we would not have
expected the TV z-score to improve. The absolute growth
of the TV in PAIVS has been reported to be 0.28 + 0.14
mm/week in biventricular patients and 0.12 + 0.08 mm/
week in single-ventricle patients [6] which is less than
what we observed (0.32 + 0.17 mm/week) in fetuses with
a successful valvuloplasty. We also observed an apparent
difference in the rate of growth between those who un-
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derwent successful valvuloplasty (0.32 + 0.17 mm/week)
and those who did not (0.19 + 0.15 mm/week).

One concerning aspect of FPV that was demonstrated
in this study is that there continues to be a significant num-
ber of patients with intervention-associated complications
including fetal demise, mainly due to technical difficulties.
The RV in fetuses with PAIVS/PS is often small, trabecu-
lated and hypertrophied, and the RVOT is frequently dif-
ficult to visualize, often narrowed, anterior and curved,
making the angle of entry quite difficult [25]. In this study,
procedural and periprocedural (<48 h)-related fetal com-
plications included a fetal death rate of 12% and total com-
plication rate of 55%. Restenosis or insufficient dilation of
the pulmonary valve can also occur after FPV, and it has
been attributed to suboptimal (<1.1) balloon-to-valve ra-
tios, especially in late pregnancy cases [26]. Needles, can-
nulas, and balloons especially designed for FPV could po-
tentially reduce procedural technical difficulties.

Limitations

Although this study provides important information
regarding FCI in PAIVS/PS, it also demonstrates weak-
nesses of databases and registries. This registry is volun-
tary and therefore the data may be biased as it is based on
cases and details chosen to be entered into the registry.
We did not review ultrasound images but rather relied on
measurement data from the individual participating sites.
Variation in measurement technique could have intro-
duced variability and error in the TV measurements re-
ported. Moreover, there is a large proportion of missing
data which may have biased our conclusions. Though
evaluation and procedure-related data are robust, many
patients may not deliver at the intervention center and
thus due to the lack of complete follow-up data, the reg-
istry provides limited and potentially biased data on post-
natal clinical status. Additionally, definitive declaration
of ventricular status may come several years following in-
tervention, and this registry only presents outcome data
collected out to a median of 16 months (range 2-192) and
is limited. Patients referred for fetal intervention but who
ultimately do not undergo FCI cannot serve as a proper
“control” group, and therefore, this is presented as a lim-
ited nonintervention group within the registry.

The anatomical and pathophysiological heterogeneity
of the disease, the differences in patient selection criteria
used between centers performing FCI, and the variability
in postnatal management strategies determined by each
center’s experience make comparing the mid- and long-
term outcomes difficult. Future efforts should be directed
toward collaborative prospective trials or observational
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studies with more complete data collection and clear cri-
teria for intervention, generation of best practice guide-
lines, and evaluation of the effect of these guidelines on
the longer-term outcomes for both the mother and fetus.

Conclusion

Our data suggest that there could be a benefit in pro-
motion of right heart growth associated with fetal therapy
for PAIVS/PS, though procedure-related fetal loss and
complication rates were substantial, and FCI criteria are
extremely variable, making direct comparison to nonin-
tervention patients impossible at present. There is an ur-
gent need for prospective case-controlled studies of fe-
tuses with PAIVS/PS to be established using uniform cri-
teria in order to avoid unnecessary procedures and expose
only those most likely to sustain a substantial benefit to
the procedural risks involved.
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