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Abstract

Objective: The aim of the study is to investigate the morphology of
right ventricular cavity, the tricuspid valve size and the treatments
applied at postnatal period in cases with critical pulmonary stenosis
(PS) having intact ventricular septum.

Methods: Seven cases included in the study who were considered to
have critical PS in fetal echocardiography at second and third
trimesters. The fetuses found to have antegrade jet stream at pul-
monary valve level and reverse flow at ductus arteriosus as well as
hyperthrophy and hypoplasia on the right ventricle were determined
as critical PS. The cases were categorized as bipartite or tripartite
according to the morphology of right ventricular cavity. Z-score of
tricuspid valve was calculated according to the week of gestation.

Results: Bipartite right ventricle cavity was found in cases diag-
nosed at second trimester, and tripartite right ventricle cavity in
cases diagnosed at third trimester. Tricuspid valve Z-score of the
cases with bipartite right ventricle morphology was less than those
with tripartite. Two out of seven cases were monochorionic diamni-
otic twin pregnancies. Balloon valvuloplasty was performed on post-
natal second day despite the prostaglandin E1 (PGE1) infusion in 3
cases with bipartite, and 3 cases required Blalock-Taussing shunt. In
four tripartite cases, cyanosis control was better by PGELI infusion,
and balloon valvuloplasty was performed on postnatal second day in
3 cases and on postnatal 55th day in 4 cases. No Blalock-Taussing
shunt was required.

Conclusion: In critical PS cases, the treatment methods to be
applied during postnatal period may vary according to the right ven-
tricle being of two or three parts and the stenosis level of tricuspid
valve.
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Ozet: Prenatal tanil kritik pulmoner stenoz:
Olgu serisi ve literatiir derlemesi

Amag: Ventrikiiler septumu intakt olan kritik pulmoner stenozlu
(PS) olgularda sag ventrikiil kavitesinin morfolojisi, trikiispit kapak
boyutu ve postnatal uygulanan tedavilerin degerlendirilmesi amag-
lanmigtir.

Yontem: Caligmaya ikinci ve tgiinct trimestrede fetal ekokardi-
yografide kritik PS diisiiniilen 7 olgu alind1. Sag ventrikiilde hiper-
trofi ve hipoplazinin yani sira pulmoner kapak seviyesinde ileri
yonde jet akim ve duktus arteriozusta ters akim saptanan fetiisler
kritik PS olarak degerlendirildi. Sag ventrikiil kavitesinin morfolo-
jisine gore olgular bipartit veya tripartit olarak ayrildi. Gestasyon
haftasina gore trikiispit kapak Z-skoru hesaplandi.

Bulgular: Ikinci trimesterde tani konulan olgularda bipartit,
tctincii trimesterde tani konulan olgularda tripartit sag ventrikiil
kavitesi belirlendi. Bipartit sag ventrikiil morfolojili olgularin tri-
kiispit kapak Z-skoru, tripartit olanlardan daha disiik olarak he-
saplandi. Yedi olgunun ikisi monokoryonik diamniyotik ikiz gebe-
likti. Bipartit olan 3 olguda prostaglandin E1 (PGE1) infiizyonuna
ragmen postnatal 2. giinde balon valviiloplasti yapild: ve 3 olguda
da Blalock-Taussing sant gereksinimi oldu. Tripartit dort olguda
ise PGEL1 infiizyonu ile siyanoz kontrolii daha iyi saglanmus, ii¢ ol-
guda postnatal 2. haftada, dérdiincii olguda ise postnatal 55. giin-
de balon valviiloplasti uygulandi. Blalock-Taussing sant gereksini-
mi olmad.

Sonug: Kritik PS olgularinda sag ventrikiiliin iki ya da ti¢ parcali
olma durumuna, trikiispit kapagin darlik derecesine bagh olarak
postnatal donemdeki uygulanacak tedavi yontemleri degisebil-
mektedir.

Anahtar sozciikler: Kritik pulmoner stenoz, trikiispit darlik, tri-
kiispit yetmezlik, postnatal tedavi.
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Critical pulmonary stenosis with prenatal diagnosis

Introduction

Critical pulmonary stenosis (PS) causes reverse flow in
the ductus arteriosus of fetus and severe right ventricular
hypertrophy. Secondary to hypertrophy, the right ven-
tricular cavity gets narrow especially at apex. During
neonatal period, it causes shunt and cyanosis at interatri-
al level from right to left. Critical PS can also be evaluat-
ed within pulmonary atresia with intact ventricular sep-
tum (PAIVS) due to the fact that it may progress to pul-
monary atresia (PA) as week of gestation advances." The
most distinguishing characteristic of the fetus with criti-
cal pulmonary stenosis from mild and medium PS is the
reverse flow of ductus arteriosus seen in ultrasonograph-
ic examination."” There is no concomitant genetic dis-
ease or extra cardiac anomaly in most of the PAIVS and
critical PS cases."” The abnormal appearance in
quadrilocular during cardiac examination between 18
and 22 weeks of gestation at second trimester is usually
the most striking characteristics and it initiates the
process toward the diagnosis. However, although some
cases have PS at critical levels, the sizes of right ventricle
may seem normal and it may cause late diagnosis. In
some other cases, PAIVS and critical PS diagnosis may
be established even at the first trimester."”

Right ventricular cavity morphologically consists of
three parts which are inlet, apex and outlet. Ventricular
hyperthropy occurs at various levels depending on the
size of narrowing of the right ventricular outlet and the
week of gestation that pulmonary atresia occurs, stenosis
on tricuspid valve and the level of failure." As a result of
the overgrowth of intracavity muscular layer, apex of
right ventricle (bipartite) or both apex and outlet (unipar-
tite) may not develop. In critical PS, right ventricle usu-
ally has all three parts (tripartite). Sometimes, apical
region may not develop well and may have bipartite mor-
phology as in PAIVS."” Z-score is used when evaluating
tricuspid valve size."™ In cases which developed right
ventricular hypoplasia with bipartite and unipartite mor-
phology, severe tricuspid valve stenosis (low Z-score) is
also observed."”

For newborns with critical pulmonary stenosis, vari-
ous treatment options are offered according to right ven-
tricular morphology usually at postnatal early period
such as balloon valvuloplasty, ductal stent, Blalock-
Taussing (BT) shunt operation, biventricular repair at
advanced periods, and Glenn or Fontan procedures. In
our study, we aimed to investigate the morphology of

right ventricular cavity, tricuspid valve Z-scores and
treatments applied in cases with critical pulmonary
stenosis (PS) having intact ventricular septum.

Methods

Seven cases considered having critical PS in fetal
echocardiography at second and third trimesters at the
Perinatology Clinic of Zeynep Kamil Maternity and
Pediatrics Training and Research Hospital between
2013 and 2014 were included in the study. The fetuses
found to have antegrade jet stream at pulmonary valve
level and reverse flow at ductus arteriosus as well as
hyperthrophy and hypoplasia on the right ventricle were
suspected to be critical PS. The cases with postnatal
clinical progress and echocardiography findings com-
patible with critical PS were included in the study. The
cases were categorized as bipartite or tripartite accord-
ing to the morphology of right ventricular cavity. Z-
score of tricuspid valve was calculated according to the
week of gestation.” Tricuspid valve insufficiency was
categorized as mild, medium and severe.™”
Ultrasonographic examinations were performed with
the use of Voluson 730 Pro (GE Healthcare,
Milwaukee, WI, USA). Transthoracic echocardiogra-
phy was carried out on the first day after the delivery.
Prenatal and postnatal echocardiography measurements
were evaluated by pediatric cardiology and perinatology
departments. Statistical analysis was done by SPSS v.
11.5 (SPSS, Inc., Chicago, IL, USA). Constant data
were provided as median.

Results

Median week of gestation for the cases was 32 (range:
24 to 34) weeks when prenatal diagnosis was estab-
lished. In the fetal ultrasonography during second
trimester for the cases which were diagnosed at third
trimester, the size of right ventricle was normal, and no
abnormality was observed at the right ventricle outlet.
Bipartite right ventricle cavity was found in cases diag-
nosed at second trimester, and tripartite right ventricle
cavity in cases diagnosed at third trimester. No case
developed pulmonary atresia. Median delivery week
was 37 (range: 37 to 39 weeks) and median birth weight
was 2950 (2570-3060) g. Two of the seven cases were
monochorionic diamniotic twin pregnancy, and twin-
to-twin transfusion syndrome was not developed in
either case. One of the twin pregnancies delivered at 37
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weeks of gestation while the other one at 34 weeks of
gestation. Development of fetuses was normal in the
twin pregnancy which delivered at 37 weeks of gesta-
tion; however, selective intrauterine growth retardation
(IUGR) developed in the other twin pregnancy deliv-
ered at 34 weeks of gestation. While critical PS was
observed in the elder fetus, there was perimembranous
ventricular septal defect in the donor fetus.
Chromosome examinations of all cases were normal;
one case had anal atresia. Tricuspid valve Z-score of the
cases with bipartite right ventricle morphology was less
than those with tripartite. Also, in 5 cases with negative
tricuspid valve Z-score, medium tricuspid failure was
detected. Prostaglandin E1 (PGEL) infusion was initiat-
ed in all cases as soon as they were born. In 3 bipartite
cases, cyanosis developed at early period despite the
PGEL1 infusion, and all had balloon valvuloplasty on
postnatal second day. In one case, BT shunt was per-
formed since cyanosis continued on 5th day after bal-
loon valvuloplasty, no problem observed during 3-
month follow-up. Another case had operation due to
anal atresia after valvuloplasty; when cyanosis increased
after the operation, the case was referred for BT shunt
but passed away when 15-day-old before shunt was
applied. The other 37-week-old twin with bipartite
morphology was applied BT shunt at the same day since
sufficient clinical response was not received after bal-
loon valvuloplasty. Clinical findings were stable during
3-month clinic follow-up. In four tripartite cases,
cyanosis was kept under control better with PGEI infu-

sion; balloon valvuloplasty was applied in 3 cases on
postnatal 2nd week (9th, 11th and 12th day, respective-
ly); also ductal stent was placed to one case (case nr. 6).
Fourth case was monitored in the newborn intense care
unit for 54 days by PGE1 treatment on receptor baby
developing selective IUGR; and balloon valvuloplasty
was applied on 55th day (Table 1).

Discussion

Critical PS is a cardiac anomaly which is present at post-
natal early period together with right ventricular
hypoplasia and where pulmonary circulation depends on
ductus. It requires postnatal emergency medical and
invasive/surgical treatment. Therefore, diagnosing at
prenatal period and delivering at a tertiary center are
very significant in terms of applying prostoglandin E1
treatment at postnatal period without any delay and to
make preparations for required procedures afterwards.

In our study, we aimed to discuss treatment methods
applied at postnatal period according to the right ven-
tricular morphologies of 7 cases which were diagnosed
as critical PS during prenatal period. In cases where
right ventricular outlet of fetal is congested or closed, it
is the tricuspid valve size which determines the develop-
ment level of right ventricle." The postnatal treatment
planning of critical PS and PAIVS cases is determined
according to tricuspid valve Z-scores.” In compliance
with the literature, we found that tricuspid valve Z-
scores of those with bipartite right ventricular morphol-

Table 1. Summary of the prenatal and postnatal data of 7 cases with critical pulmonary stenosis.

Case Week of Cardiac
insufficiency,

hydrops

Chromosomal/
extra-cardiac
anomaly

Week of gestation
and weight
(percentile)

gestation-
diagnosis

ventricle/
component

Postnatal
treatment

Right Tricuspid
insufficiency—

stenosis/Z-score

1 25 n/a 39-2950 g (10-50p) n/a Two Exists—medium /-2.02 Balloon valvuloplasty on 2nd day
BT shunt on 5th day - ALIVE
2 24 Anal atresia 37-2650 g (10-50p) n/a Two Exists—medium /-2.05 Balloon valvuloplasty on 2nd day
Exitus on 15th day before BT shunt
3 22 MCDA n/a 37-2570 g (10-50p) n/a Two Exists — medium/-2.65 Balloon valvuloplasty on 2nd day
twin BT shunt on 2nd day - ALIVE
4 36 n/a 37-3000 g (10-50p) n/a Three n/a/0.17 Balloon valvuloplasty on 9th day — ALIVE
5 34 n/a 39-3060 g (10-50p) n/a Three n/a/0.14 Balloon valvuloplasty on 11th day — ALIVE
6 32 n/a 38-2450 g (10-50p) n/a Three Exists—mild /-0.49 Balloon valvuloplasty on 12th day+
ductal stent — ALIVE
7 34 MCDA n/a 34-3150 g (50-95p) n/a Three Exists—mild /-0.65 Balloon valvuloplasty on 55th day — ALIVE
twin
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ogy were less than those with tripartite.””” Given the
treatments applied during postnatal period, those with
bipartite were required to have balloon valvuloplasty
despite the prostaglandin treatment and also BT shunt
was required since there was no sufficient recovery.
Similar to our study, Cho et al. reported that BT shunt
requirement was higher in those with bipartite right
ventricular cavity among critical PS and PAIVS cases."”
Many studies highlighted that prenatal tricuspid valve
sizes are significant to predict prognosis during postna-
tal period.””” The narrowing of tricuspid valve affects
right ventricular development negatively while tricuspid
valve deficiency affects right ventricular development
positively. Therefore, in cases with high level of narrow-
ing on tricuspid valve, the tricuspid valve deficiency is
significant for the development of right ventricle." In
our study, we found distinctive tricuspid valve deficien-
cy in our 3 bipartite cases which had distinctive narrow-
ing of tricuspid valve (Z-score <-2). It is considered that
the tricuspid valve deficiency increases the volume load
on right ventricle and supports the development of right
ventricle." In cases having only narrowing on the tricus-
pid valve without any deficiency, it is possible to observe
muscular pulmonary atresia as a result of the overgrowth
of muscle layer on infundibular area."’ Similarly,
Lowenthal et al. reported that postnatal prognosis was
better in PAIVS and critical PS cases with mid- and
severe deficiency on tricuspid valve.”

In monochorionic twin pregnancies, especially in
twin-to-twin transfusion syndrome, the narrowing or
atresia on the right ventricular outlet of the receptor
fetus was higher than the normal population.” In
our two cases with monochorionic twin pregnancies,
twin-to-twin transfusion syndrome did not develop.
On the other hand, one case had selective IUGR and
critical pulmonary stenosis was found in elder fetus.
Similarly, Gardiner et al. reported in their series of 21
cases that there were 2 cases with monochorionic twin
pregnancy which did not develop twin-to-twin transfu-
sion syndrome.” While we diagnosed one of our twin
pregnancy cases at second trimester, we diagnosed
other one at third trimester, and we did not found any
cardiac pathology in second trimester ultrasonography.
In the ultrasonographic screening at 18-22 weeks, right
ventricle can be seen at relatively normal size, and
therefore it can be overlooked. At the same time, the
narrowing on right ventricular outlets displays pro-
gression and we are able to detect such patients at third

trimester since hyperthrophy on right ventricle
increases gradually."™”

In cases with critical PS, chromosomal anomaly and
extra cardiac anomaly are quite rare. Similarly, we found
in our study no chromosomal anomaly, but anal atresia
as extra cardiac anomaly only in one case. Generally,
cardiac failure and intrauterine growth retardation are
not observed during intrauterine period in cases with
PAIVS and critical pulmonary stenosis." Correlatively,
our cases did not develop any cardiac failure finding.
Except the twin pregnancy with selective intrauterine
growth retardation, we did not find intrauterine growth
retardation in any of our cases.

Conclusion

Consequently, in critical PS cases, the treatment meth-
ods to be applied during postnatal period may vary
according to the right ventricle being of two or three
parts and the stenosis level of tricuspid valve.
Therefore, diagnosing at prenatal period and catego-
rizing cases will facilitate to maintain postnatal hemo-
dynamic stability and to plan required invasive and/or
surgical treatment options by initiating prostaglandin
treatment.

Conflicts of Interest: No conflicts declared.
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