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Abstract

The current study was to report our initial experiences of fetal pulmonary valvuloplasty (FPV) for fetuses with pulmonary
atresia with intact ventricular septum (PA/IVS) and critical pulmonary stenosis (CPS), including case selection, technical
feasibility, and the effects of FPV on utero and postnatal outcome. Two fetuses with PA/IVS and three fetuses with CPS
were enrolled between September 2016 and April 2018. All fetuses were with concomitant severe right ventricular dysplasia
and growth arrest. Parameters of right cardiac development and hemodynamics, including tricuspid/mitral annulus ratio
(TV/MV), right ventricle/left ventricle long-axis ratio (RV/LV), tricuspid valve inflow duration/cardiac cycle ratio (TVI/
CC), degree of tricuspid regurgitation (TR), and blood flow direction of arterial duct and ductus venosus, were evaluated
using echocardiogram. FPV was performed trans-abdominally under ultrasound guidance. Echocardiogram was performed
post-FPV and every 2—4 weeks thereafter until delivery. The median gestational age at the time of FPV was 28 weeks. From
technical perspective, pulmonary balloon valvuloplasty was successfully performed and the opening of pulmonary valve was
improved in all fetuses in 2—4 weeks. However, progressive restenosis was observed in four fetuses with gestation advancing,
and re-atresia occurred in two PA/IVS fetuses at 36th and 37th weeks’ gestation, respectively. The growth trajectories of
TV/MV, RV/LV, and TVI/CC were improved in the 1st week after FPV and then slowed down along with pulmonary valve
restenosis. All fetuses were born alive and underwent postnatal interventions, including pulmonary balloon valvuloplasty in
three fetuses and surgical procedures in two fetuses. During follow-up, three fetuses turned to be biventricular, one became
one and a half ventricular at 1-year old, and one died of neonatal infection. Although pulmonary valve restenosis might occur
as gestation advancing, FPV seems to be a safe and feasible procedure to improve the growth trajectories of right heart for
fetuses with PA/IVS and CPS.
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Background

Both pulmonary atresia with intact ventricular septum
(PA/IVS) and critical pulmonary stenosis (CPS) are asso-
ciated with increased risks of morbidity and mortality for
fetuses and neonates. The prevalence of PA/IVS and CPS
are approximately 5% and 1-3%, respectively [1]. PA/IVS
and CPS are morphologically heterogeneous lesions which
are characterized by varied dimensions of right ventricle
(RV) and tricuspid valve (TV), ranging from normal size
to varied degrees of hypoplasia. In addition, PA/IVS and
CPS are commonly associated with coronary circulation
anomalies. Notably, a substantial proportion of fetuses
with CPS will progress to a complete atresia, and some
with PA/IVS will worsen during fetal life [2, 3].

Previous studies have demonstrated that fetal pulmonary
valvuloplasty (FPV) was a feasible approach. FPV could
promote right heart growth and improve fetal hemodynam-
ics, which were beneficial for biventricular circulation [4-9].
Compared to Europe and US, the prevalence of CPS is
slightly higher in Asian populations [10]. Herein, we report
our initial experiences of FPV for fetuses with PA/IVS and
CPS, including case selection, technical feasibility, and the
effects of FPV on utero and postnatal outcome in China.

Methods
Cases Selection

Between September 2016 and April 2018, five fetuses
underwent FPV in our center. Two cases were diagnosed
as PA/IVS and three cases were CPS with severe right
ventricular dysplasia. Parameters of right ventricle devel-
opment and hemodynamics, including tricuspid/mitral
annulus ratio (TV/MV), right ventricle/left ventricle long-
axis ratio (RV/LV), tricuspid valve inflow duration/car-
diac cycle ratio (TVI/CC), degree and velocity of tricuspid
regurgitation (TR), blood flow direction of arterial duct,
and ductus venosus, were evaluated using echocardiogram
every 2—4 weeks. All fetal echocardiogram was performed
by the same experienced pediatric cardiologist (CCP).
The criteria, which were recommended by Tulzer et al.
in 2016, were used in the current study to select fetuses for
FPV [11]. The inclusion criteria were (1) membranous PA or
CPS with intact ventricular septum, (2) an identifiable small
RV (defined as RV <LV) with the TR jet velocity > 2.5 m/s,
(3) RV growth arrest for 3—4 weeks, and (4) retrograde flow
within ductus arteriosus. The exclusion criteria were (1)
muscular atresia of RV outflow tract obstruction, (2) severe
TR with low velocity, and (3) presence of large RV sinusoid.

According to prior report, [12] the following parameters,
including TV/MV < 0.7, RV/LV < 0.6, TVI/CC <0.315, and
the presence of RV sinusoids, were used to evaluate the post-
natal outcome. For example, if three of these four criteria were
fulfilled, then the sensitivity and specificity to predict a non-
biventricular outcome would be 100% and 75%, respectively.

The study was approved by the Guangdong Provincial Peo-
ple’s Hospital Ethics Committee (Yue Medical Ethics 2016
NO. 10), and written informed consents were obtained from
the parents of the fetuses before FPV procedure.

Fetal Pulmonary Valvuloplasty

FPV procedure was performed trans-abdominally under ultra-
sound guidance (Fig. 1a—d) as previously described [11]. The
mothers underwent general anesthesia during the operations.
An 18- or 19-gage needle (Cook) and a 4-mm coronary bal-
loon catheter (Boston Scientific) were used for pulmonary
valve puncture and dilatation. Technical success was defined
as successful passage and inflation of a dilated balloon across
the pulmonary valve. Specifically, pulmonary valve was meas-
ured the day before FPV in RV outflow tract view. Echocardio-
gram was performed to evaluate the improvement of antegrade
flow. Fetal complications, including pericardial effusion and
bradycardia, during procedure were recorded. Pericardiocente-
sis was performed immediately if hemodynamic compromise
occurred. If persistent bradycardia developed, epinephrine was
administered into fetal left heart or was injected via maternal
vein in case of emergency. Specifically, 0.1 mg of epineph-
rine was intravenously infused to the mother, and 0.01 mg/kg
for fetus (body weight of the fetus was estimated using fetal
echocardiogram the day before FPV). If technical failures or
severe complication occurred during the first attempt, the pro-
cedure would discontinue, and second attempt was performed
in the next day.

Post-FPV Follow-Up and Postnatal Outcome

After the procedure, the mother was hospitalized for 2-3 days.
The fetus was assessed using fetal echocardiogram immedi-
ately after FPV and the day before discharge. The fetuses were
follow-up at our center. Fetal echocardiogram was performed
to evaluate the opening of pulmonary valve, right ventricle
growth (Fig. 2a—d), and hemodynamics status every 2—4 weeks
until delivery. After delivery, all fetuses were managed as neo-
nates with PA/IVS or CPS.
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Fig.1 a-d Representative images of echocardiogram-guided PFV
for fetus with PA/IVS. a Cannula was in the right ventricular outflow
tract; b guidewire was across pulmonary valve and placed in ductus

Results
Fetal Pulmonary Valvuloplasty

Among the five cases, one case was PA/IVS, which matched
the criteria for the univentricular outcome completely, and
the other four cases partially matched the criteria as men-
tioned above [12]. Seven FPV procedures were performed
in the five cases. Three cases were at 28 weeks’ gestational
age and two were at 30 weeks’ gestational age. From tech-
nical perspective, pulmonary balloon valvuloplasty were
performed successfully in these five cases. The balloon-to-
pulmonary valve ratio was 0.77-0.82. There were no fetal
deaths during procedure. One case with large pericardial
effusion underwent pericardiocentesis, and hemodynamic
status become stable immediately. Small pericardial effu-
sion in the other four fetuses resolved automatically after
3-5 days. Five cases developed persistent severe bradycardia.
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Four fetuses were treated with maternal intravenous infusion
and fetal intra-cardiac injection of epinephrine, and the other
one was only treated with maternal intravenous infusion of
epinephrine (Table 1). No complications occurred to the
mothers.

FPV Effects on Utero

All cases were follow-up at our center. Parameters of RV
development and hemodynamics before and after FPV
(1-4 weeks and 5-8 weeks) are shown in Table 2. Improve-
ment of pulmonary valve opening was observed in all
cases at 1-4 weeks post-FPV. However, restenosis was
detected in four fetuses with gestation advancing, and re-
atresia occurred in two PA/IVS cases (case 1 and case 4)
at 36 weeks’ and 37 weeks’ gestation, respectively. The
improvement of TV/MV, RV/LV, and TVI/CC occurred
in the first 1-4 weeks post-FPV and then slowed down as
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Fig.2 a—d Four-chamber view of Case 2 before FPV (a), 2 weeks (b) and 6 weeks (c) after FPV, and 2 days after birth (d). RV/LV ratio changed
from 0.63 to 0.80. LA left atrium, LV left ventricle, RA right atrium, RV right ventricle

pulmonary valve restenosis developed. The growth tra-
jectories of TV/MV, RV/LV, and TVI/CC are illustrated
in Fig. 3a—c. The hemodynamics were stable during the
intrauterine course. The direction of blood flow through the
arterial duct changed to bidirectional in three cases, and the
ductus venosus flow were improved in two cases (Table 2).

Postnatal Outcome

All fetuses were born alive and underwent postnatal inter-
ventions, including pulmonary balloon valvuloplasty in 3
fetuses and surgical procedures in 2 fetuses. The duration
of follow-up ranged from 0.42 to 2.00 years. Postnatal pro-
cedures and outcome are listed in Table 1. In specific, two
PA/IVS fetuses developed pulmonary valve re-atresia and
underwent pulmonary valve commissurotomy and modified
Blalock-Taussig shunt at the 8th day (case 1) and the 32nd
day (case 4), respectively. Case 1, that fulfilled the crite-
ria for a univentricular outcome, had a bidirectional Glenn
shunt and became one and a half ventricular circulation at

1 year old due to small RV and TV dysplasia. Case 4 died
at the 37th day due to neonatal infection and hemodynamic
instability despite with an appropriate RV size and under-
went an emergency postnatal surgery. The other three fetuses
underwent transcutaneous pulmonary balloon valvuloplasty
in neonatal period and became biventricles.

Discussion

Since the first report of fetal cardiac intervention in 1991,
more than 50 FPV have already been performed for the man-
agement of PA/IVS and CPS. Accumulating evidence has
shown that restoring blood flow improves RV development,
[13-15] justifying the utilization of fetal cardiac interven-
tion for the treatment of PA/IVS and CPS. However, consid-
ering the potential risk associated with FPV, two essential
points need to be addressed: first, selecting appropriate cases
that may benefit most from FPV; second, considering the
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Table 1 Echo data before and after FPV for the five cases

Casel Case2 Case3 Cased4 Case5
Before FPV (1-2 days)
2D
TV/MV 0.56 0.7 0.71 0.85 0.77
RV/LV 0.42 0.63 0.55 0.61 0.75
PV/AV 0.85 0.91 0.84 0.87 1.17
TVI/CC 0.26 0.35 0.4 0.43 0.38
Flow
TR Vmax Sv, 4.6 Sv,44 Sv,50 Sv,43 Mild
(m/s)
AD Rv Rv Rv Rv Rv
DV Rv Rv Rv Rv Rv
PV Orifice No 1.3 1.6 No 2.3
(mm)
After FPV (1—4 week)
2D
TV/MV 0.56 0.75 0.81 0.85 0.86
RV/LV 0.47 0.73 0.76 0.83 0.78
PV/AV 0.92 0.92 0.91 0.97 1.26
TVI/CC 0.3 0.4 0.44 0.46 0.45
Flow
TR Vmax Sv, 4.1 Sv,42 Sv,4.7 Sv,4.0 Mild
(m/s)
AD Rv Mx Mx Mx Mx
DV Rv Ab Rv Rv At
PV Orifice 2 33 3.6 2 34
(mm)
After FPV (5-8 week)
2D
TV/MV 0.59 0.8 0.86 0.98 0.93
RV/LV 0.51 0.8 0.77 0.82 0.83
PV/AV 0.87 0.97 0.93 1.16 1.2
TVI/CC 0.32 0.42 0.44 0.44 0.46
Flow
TR Vmax Mod, 4.8 Sv,3.8 Sv,4.5 Sv,3.7 Inadequate
(m/s) dopple
AD Rv Mx Mx Rv Mx
DV Rv Rv Rv Rv At
PV Orifice No 3.5 33 No 2.6
(mm)

TV tricuspid valve, MV mitral valve, RV right ventricle, LV left ven-
tricle, PV pulmonary valve, AV aortic valve, TR tricuspid regurgita-
tion, AD arterial duct, DV ductus venosus, Sv severe, Ry reversed, Mx
mixed, Ab absent, At antegrade

feasibility, safety, and outcomes of FPV so as to balance the
risks and benefits of each individual case.

Case Selection

The criteria of selection for FPV remain controversial. It
is reasonable to perform FPV for PA/IVS and CPS that is
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complicated by severe right heart failure during the second
trimester because FPV can improve fetal hydrops and avoid
fetal demise. Although most of PA/IVS and CPS fetuses do
not progress to significant fetal hydrops in compensatory era,
FPV remains an important therapeutic strategy during ges-
tational period because postnatal intervention is less likely
to improve fetuses’ growth [16]. Prior animal experiments
have shown that increased pre- and post-load leads to cardio-
myocytes proliferation and hyperplasia [17-19]. RV grows
corresponding to body size growth after neonatal procedure,
and therefore, FPV is an important approach to improve pre-
natal RV growth and avoid postnatal univentricular outcome.

In the absence of a large RV sinusoid fistulae or a muscu-
lar atresia of RV outflow tract, RV and TV sizes at birth are
the major determinants of biventricular outcome. A “hypo-
plastic” but still “salvageable” RV structure is an impor-
tant determinant to consider FPV intervention at the second
trimester. Fetuses with an unidentifiable RV and coronary
anomalies are “unsalvageable,” which is unable to restore
biventricular circulation regardless of prenatal intervention.
On the other hand, fetuses with an appropriate RV size can
be reserved for intervention after birth. Notably, the above
two conditions are not good candidates for FPV. Between
these two extreme conditions are fetuses with an identifi-
able but varied RV hypoplasia. This group includes potential
candidates for FPV. Several studies have reported the predic-
tion of a univentricular outcome in fetuses with PA/IVS and
CPS [6, 12, 20-22]. Due to lack of effective evaluation of
Z-score in China, we adopted a frequently used four-criteria
scoring system to predict the postnatal outcome, [12] which
includes TV/MV ratio < 0.7, RV/LV length ratio < 0.6, TVI/
CC <31.5%, and presence of RV sinusoids. After excluding
the cases with large RV sinusoid, ideal candidates for FPV
should match the other three criteria to justify treatment. In
the current study, one fetus with PA/IVS matched the crite-
ria for a univentricular outcome, and the other four fetuses
were partially matched the criteria. Fetal echocardiogram
was performed to closely monitor RV growth. If there was
without any increase in RV size over a period of 2—4 weeks,
then a spontaneous reversal is unlikely and FPV should be
considered to open the pulmonary valve.

Technical Considerations

Although experience with FPV is still limited to few case
reports and small case series, prior studies have shown that
FPV in the mid-gestation is technically feasible [4-6, 9,
23]. The technical success rate (70-80%) is approximated
to that of fetal aortic valvuloplasty [5, 6]. In 2018, the
Children’s Heart Center in Linz reported the largest series
of 35 attempted FPV in 23 fetuses [23]. Seventeen cases
underwent successful procedure, and no procedure-related
fetal deaths and maternal complication occurred. However,
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Table 2 Before and after FPV and postnatal characteristics of the five cases

Casel Case2 Case 3 Case 4 Case 5
Anatomy PA/IVS, TS CPS CPS PA/IVS CPS
GA at diagnosis/at FPV ~ 24/28 26/28 24/30 23/30 24/28
(week)
Number of attempt 2 1 2 1 1
Balloon/valve ratio 0.8 0.78 0.77 0.77 0.82
PE Mild, Mild, No treatment Mild, No treatment Severe, Mild, No treatment
No treatment Pericardiocentesis
Bradycardia Yes, Yes, Yes, Yes, Epinephrine Yes, Epinephrine into
Epinephrine Epinephrine Epinephrine into LA LA
into LV v into LV
GA at birth (week) 39 35 38 38 37
Postnatal procedure PV commissurotomy PBPV (17D) PBPV (10D) B-T Shunt (28D) death  PBPV(13D)
and B-T Shunt (8D) (37Y)
Glenn (1Y)
Follow-up (years) 2 1.33 0.92 NA 0.42

a hypoplastic RV with a narrow, short, and curved seg-
ment below the valve makes FPV a technically challenging
procedure. The fetal position and an experienced team in
coordinating imaging, needling, catheter manipulation, and
managing complications are the key factors influencing the
success rate.

During the procedure, the most common fetal compli-
cations are severe bradycardia and pericardial effusion.
However, timely and proper therapy can effectively avoid
intrauterine fetal death. It has been demonstrated that it is
safer to dilate pulmonary valve than aortic valve, which
is attributed to the lower risk of compromising coronary
artery when dilating pulmonary valve [6]. FPV was per-
formed successfully in the five cases. Among these cases,
severe bradycardia occurred when the needle was puncturing
the RV outflow track or when balloon catheter was dilating
pulmonary valve. Epinephrine administered via maternal
peripheral vein could increase fetal heart rate. The fetuses
with persistent bradycardia were injected epinephrine via
maternal peripheral vein under anesthesiologist monitoring,
and one fetus recovered instantly before cardiac puncture for
intra-cardiac epinephrine injection. Large pericardial effu-
sion with sign of hemodynamic compromise occurred in
one fetus, which was resolved immediately with pericardio-
centesis. Small pericardial effusion in four fetuses resolved
automatically 3-5 days later.

Outcome

Previous studies have shown that pulmonary valve devel-
oped restenosis after FPV with gestation advancing [23]. In
the current study, we also observed that four fetuses devel-
oped restenosis. The potential explanation was that we used
arelatively small balloon to dilate pulmonary valve (balloon/

pulmonary valve diameter ratio 0.77-0.82). Notably, bal-
loon size should be at least 10-20% larger than the valve
diameter [11]. However, with the current available equip-
ment, the largest size of balloon is 4 mm, which is com-
patible to an 18G needle. Large needles will increase the
risk amniotic membranes and fetal heart injury, resulting
in bradycardia, thrombus, and pericardial effusions. The
other potential explanation might be due to low RV stroke
volume, which was associated with hypertrophic, restrictive
RV and dysplastic TV. TV dysplasia with tricuspid stenosis
might have contributed to pulmonary valve re-atresia and
slow RV improvement in Case 1. In such case, although
FPV and postnatal procedure were performed successfully,
severe inflow obstruction might still limit RV filling and
pulmonary forward flow, which is important for RV growth.
Therefore, besides measuring TV annulus, it is important to
evaluate the presence of thickened and fusional TV leaflets,
restricted TV opening and TV inflow duration. Pulmonary
valve restenosis might be unavoidable as pregnancy advanc-
ing. However, a less decompression of RV post-FPV treat-
ment might be able to improve hemodynamics [23]. Further-
more, restenosis mainly occurred in near-term pregnancy,
and FPV can still improve the growth trajectories of fetal
RV structure in the early weeks and benefit some fetuses
with PA/IVS and CPS. Meanwhile, in the current study, the
growth trajectories of TV/MV, RV/LV, and TVI/CC were
improved in the early weeks although these get slowed down
gradually along with restenosis, indicating that reduction of
ventricular pressure is able to improve ventricular filling,
compliance, and growth.

Fetal cardiac intervention should be considered as a
palliative therapy. It was unable to eliminate the gradient
across the pulmonary valve, especially in the last gestation
stage, and normal RV size could not be achieved despite
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Fig.3 a—c Growth trajectories of right heart structure. TV/MV, RV/LV, and TVI/CC were improved in the 1st week and then reached a plateau
along with the pulmonary valve restenosis
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successful FPV. One or more additional postnatal procedures
are required for the management of the defect after birth. In
the current study, all five fetuses underwent postnatal tran-
scatheter or surgical interventions. Two fetuses with pulmo-
nary valve re-atresia underwent surgical procedures after
birth, and among them, one with TV stenosis became one
and a half ventricular circulation at 1 year old, and the other
one with a well-sized RV died of neonatal infection. Three
fetuses underwent transcutaneous pulmonary balloon val-
vuloplasty in the neonatal period and became biventricular.

Limitation

This study is limited by its small sample size and non-
randomized design. In addition, several issues need to be
improved before FPV can be routinely applied to fetuses
with pulmonary atresia and stenosis. For example, better
understanding the nature history of PA/IVS or CPS could
help us unify the case selection criteria. In order to minimize
risks and optimize technical success, improvements in nee-
dles, balloon, and imaging would be essential. In addition, as
we have mentioned that the largest size of balloon is 4 mm,
which is comparable to an 18G needle. If a larger balloon
was available, a better outcome might be possible. There
was no control group in the current study, and therefore, the
findings of current analysis were subjected to various biases.
Tricuspid valve annulus z-score data were not available in
the current study which is a major limitation. Last but not the
least, since the body habitus of pregnant women in China is
likely to be generally different to that of those in the West,
where most of the previous reports of FPV originate, find-
ings of the current study might not be extrapolated to other
population groups. For example, due to the differences in
body size, the diagnostic criteria using echocardiographic
indexes might be different between the Chinese and western
populations. In addition, the sizes of technical instruments
used during FPV might also be different due to differences
in the body size of pregnant women, which might also result
in differences in the outcomes.

Conclusion

In conclusion, this is the first case series from China.
Although pulmonary valve restenosis occurs with pregnancy
advancing, FPV still improves the growth trajectories of
fetal RV structure in the early weeks. With appropriate case
selection and the advancement of technical skills and instru-
ment, FPV remains a feasible and safe therapeutic strategy
for fetuses with PA/IVS and CPS.
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