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of the RVOT in Small Infants With Tetralogy of
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Introduction: The management of small infants with tetralogy of Fallot (TOF) with
pulmonary atresia (PA) and hypoplastic pulmonary arteries can be very challenging.
Methods: In three small infants (weight range 2,200–3,600 g, pulmonary trunk 2.0–3.2
mm), initial palliation consisted of sternotomy, transventricular puncture of the right
ventricular outflow tract and atretic pulmonary valve, followed by balloon dilation (n 5
1) or stent deployment (n 5 2) from the right ventricle into the pulmonary trunk (stent
diameter 5–6 mm, length 16 mm). Results: The procedure resulted in adequate palliation with good anterograde flow to the pulmonary arteries and near normal saturations
in all three patients (>92%); there was no associated morbidity. Additional transvenous
stenting was required in all patients because of progressive muscular infundibular stenosis after a median of 3 months. Two patients evolved to full repair at the age of 5
months and one patient with multiple hilar stenoses requires additional percutaneous
procedures through the stented RV outflow tract. Conclusion: Transventricular balloon
dilation and stenting of the RVOT through medial sternotomy as initial palliation strategy appears a safe and well tolerated alternative treatment in small infants with TOF
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with PA and a hypoplastic pulmonary trunk.
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INTRODUCTION

Patients with tetralogy of Fallot (TOF) with pulmonary atresia (PA) and severely hypoplastic pulmonary
arteries need an intervention in the neonatal period to
relieve cyanosis and to enhance catch-up growth of the
pulmonary arteries. In case of an adequate weight and
pulmonary artery size, primary surgical correction is
the preferred option [1–6]. Neonatal surgical correction
with a transannular patch or a right ventricular to pulmonary artery conduit can be associated with high
morbidity [7–9]. These techniques require cardiopulmonary bypass which is poorly tolerated by premature
and very small infants.
In many cases, the pulmonary arteries are diminutive
and therefore a staged approach is preferable [1–6].
For years, a surgical aorto-pulmonary shunt was the
first palliative step in these patients [10]. Stenting of
the arterial duct and radiofrequency perforation of the
atretic segment are non-surgical alternatives, but may
be particularly challenging [11–13].
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The evolvement of hybrid techniques has broadened
the horizon in treating patients with complex congenital heart disease. We report hybrid interventions in
three small infants using a combination of two techniques: a controlled and safe perforation of the atretic
outflow tract by transventricular puncture, followed by
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transluminal balloon dilation in 1 patient and stenting
of the RVOT in two patients.
PATIENTS

Three low birth weight infants with TOF, PA, and
severely hypoplastic pulmonary arteries were selected
for hybrid intervention (Table I). Patient 1 (2,660 g,
gestation 37 weeks) underwent catheterization postnatally on day 3. Angiography revealed absence of any
arterial duct, complex pulmonary perfusion via atypical
aorto-pulmonary collaterals and minute, but confluent
central pulmonary arteries (trunk: 2 mm). Patient 2
(1,620 g, gestation 33 weeks) and 3 (2,190 g, gestation
39 weeks) presented with duct dependent flow to hypoplastic, confluent central pulmonary arteries (trunk 2.5
and 3.2 mm measured on echography). Prostaglandines
were maintained for 43 and 22 days, respectively. In
all three patients, the infundibular atresia was discrete
and theoretically allowed direct ‘‘intracardiac’’ connection between the RV infundibulum and the pulmonary
trunk. The weight at procedure varied from 2,200 to
3,600 g.
METHODS

All procedures were performed according to the
guidelines of the local ethics committee; informed consent was obtained from the parents. The procedures
were performed in a hybrid surgical suite with high
resolution single plane fluoroscopy. Access was provided through medial sternotomy. In order to minimize
the intravascular procedure time, all materials were
prepared: a 4 French (F) introducer sheath, 2 identical
needles: 21 Gauge, 4 cm length (COOKV Medical
Europe, Denmark), a 0.01400 short tipped stiff coronary
guide wire shortened to about 100 cm, a coronary stent
(2 mm larger than the pulmonary trunk, length from 2
mm above the valve until well within the right ventricular lumen), an indeflator, 10 cc syringes with flushsaline and contrast, vascular clips, 6.0 prolene. The
puncture site on the right ventricular anterior wall was
determined by laying the premounted stent on the epicardium (Fig. 1A); a purse string with 6.0 prolene was
created as apical as possible in order to deploy the
stent from just above the pulmonary valve until well
within the right ventricle; options are however limited
due to the coronary anatomy. Two vascular clips were
placed: one at the pulmonary valve annulus, and one at
the puncture site within the purse string.
Three operators or five coordinated hands are
required to perform the procedure: one hand (with
radioprotective glove) must stabilize the sheath
throughout the procedure, the second pair of hands perR

TABLE I. Patients and Procedure Characteristics

Birth weight (g)
Gestational age (weeks)
Saturation (%)
No. days prostaglandin
Pulmonary trunc diameter (mm)
PA branches diameter L–R (mm)
distance RVOT
Age at procedure (days)
Weight at procedure (g)
Fluoro time (min)
Radiation dose (cGy/cm2)
stent diameter/length
age at 2nd stent (days)
2nd stent type
Age at full repair (months)
Weight at full repair (g)

Patient 1

Patient 2

Patient 3

2630
37
85
–
2,0
2–2
5
59
3,600
4
220
7/19
184
12/29 mm
–
–

1620
33
80
43
2,5
3–3
6
43
2,460
4
250
5.5/16
57
5/16 mm
5
5.4

2190
39
90
22
3,2
3.0–3.5
5
22
2,200
4
200
5.3/16
99
7/18 mm
5
5.6

forms the puncture and leads the manipulations at the
level of the sheath and contrast hand injections, and
the third pair controls the wire, mounts the stent on the
wire and inflates the balloon.
Two identical 21 gauge needles were used. One needle was used as a reference adjacent on the surface of
the RVOT to determine precise puncture depth and
direction; the other needle was used to perform the
puncture. The puncture was performed under direct
vision in two motions: first access perpendicular to the
surface for 10–15 mm into the right ventricular cavity
with free blood, second angulation of the needle
toward and advancement through the atretic outflow
tract into the pulmonary trunk. A 0.01400 coronary
guide wire was advanced blindly through the needle
into the pulmonary artery. At that point, the C-arm was
positioned above the thorax, and wire position was
confirmed with fluoroscopy; the wire was repositioned
if required (Fig. 1B). The C-arm was tilted about 20
cranially to ‘‘open’’ the surgical field and to create a
view perpendicular to the RV outflow tract. The needle
was exchanged for a 4 French introducer sheath. The
dilator of the sheath was used to further dilate the
valve (position revealed by the vascular clip), with subsequent advancement of the sheath just into the pulmonary arterial trunk. The dilator was removed, and a
hand angiogram was performed through the sheath
(Fig. 1C) to confirm wire position distally in the pulmonary artery and to determine the exact projection
relationship of the vascular clip to the atretic pulmonary valve (clip typically just cranial of the atretic
valve). The stent was subsequently advanced with the
distal end just reaching the pulmonary trunk (typically
projecting at the level of the vascular clip), leaving
most of the stent in the right ventricle (Fig. 1D). When
uncovering the stent, the 2nd vascular clip at the entry
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Fig. 1. A: Open sternum, vascular clip at PV annulus. Premounted stent projecting along the RVOT for determining
entry point in the RV cavity. B: Radioscopic view, mild cranial
tilt. Vascular clip at level of atretic pulmonary valve. Needle in
RVOT with 0.01400 wire into the left pulmonary artery. C: 4 Fr
sheath in RVOT over 0.01400 wire, positioning premounted coronary stent. Observe relationship between clip and atretic

valve. D: Withdrawal of sheath to uncover stent, distal end of
stent at the vascular clip; stent too distal and was withdrawn
before inflation. E: Stent deployed in RVOT with distal part
just across the pulmonary valve (vascular clip). F: Angiogram
through 4Fr sheath in RV outflow: nice antregrade flow to pulmonary branches.

point allowed assessment of residual sheath depth
within the right ventricle. The stent was dilated up to
at least nominal pressure using an indeflator (Fig. 1E).

In case of insufficient increase of arterial saturation or
suboptimal stenting angiographically (Fig. 1F), additional dilation or stenting could be performed. The
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Fig. 2. Percutaneous restent procedure in patient 3 at 3 months. A: RV angiogram showing
severe dynamic muscular stenosis proximal of stent in RVOT; (B) RV angiogram showing
relief of the infundibular stenosis after restenting.

sheath was removed and the purse string closed. Prostaglandin infusion was discontinued, if given. The vascular clips were removed and the sternum was closed.
RESULTS

All punctures from the right ventricle into the pulmonary trunk were successful from a single ventricular
puncture; no ‘‘fausse route’’ was created in any patient.
In the first patient we initially only performed a balloon dilation (4mm TyshakV Mini, NuMed, USA) as
this was believed to be sufficient (type Brock procedure). However, restenosis occurred and a PG1910
Cordis GenesisV stent (Europe, Roden, The Netherlands) was implanted transvenously through a 6F
sheath 4 months later. In patients 2 and 3, a 5/16 mm
coronary stent (Liberté MonorailV, Nanterre Cedex,
France) was successfully implanted. Time from puncture to sheath withdrawal was less than 10 min. Blood
loss was minimal; none of the patients required a transfusion. No ECG changes suggestive for coronary compression were observed. All patients had an increase in
saturation above 92%.
The patients remained hemodynamically stable
throughout the procedure and could be extubated
within 48 hr.
R

R

R

Complications: Early

Patient 2 suffered a sudden desaturation while
advancing the needle; immediate completion of the
procedure with deployment of stent resolved the problem (lowest saturation level was 55%, comparable to
that of a difficult surgical shunt). An angiogram

showed spasm of the arterial duct and the proximal left
pulmonary artery, probably triggered by the needle
which in retrospect was inserted too deep; this illustrates the need for the ‘‘double needle technique.’’
Complications: Late
No stent fracture or stent recompression was
observed. All three patients developed a progressive
infundibular (muscular) stenosis at the proximal end of
the stent for which reintervention was indicated (15
months after transvenous stent implantation in patient
1; 1 week and 2 months after stent implantation in
patients 2 and 3, respectively). The muscular stenosis
was treated by restenting the outflow tract, with the
stent covering the muscular band proximally and
extending telescopically well into the prior stent
R
[patient 1: AdvantaV 12/29 mm covered stent inflated
manually at valvular level up to 9 mm (Atrium Europe,
Mijdrecht, The Netherlands); patient 2: 5/16 mm LibR
erté MonorailV (Nanterre Cedex, France); patient 3: 7/
R
18 mm (CordisV Europe, Roden, The Netherlands)]
(Fig. 2). In all three patients saturations increased to
above 92%.
Late Outcome
The central pulmonary arteries in patient 1 have
shown substantial growth since birth, but peripheral
multiple hilar stenoses persist, despite good pulsatile
anterograde flow. This patient is planned in due course
for multiple transvenous interventions with high pressure balloons, cutting balloons and stenting if indicated. The muscular stenosis was treated with a covered stent as ‘‘tearing’’ of the pulmonary annulus by a
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future balloon dilation was expected. Patients 2 and 3
underwent surgical repair at the age of 5 months. The
RVOT was opened and the stents were cut longitudinally with regular scissors. The stents were firmly
attached to the outflow tract according to the surgeon,
but could be removed completely, followed by
infundibular resection and repair with a transannular
patch.
DISCUSSION

The management of infants with TOF with pulmonary valve atresia remains challenging. Neonatal
intervention at a very early age and/or a low weight is
usually unavoidable. In case of severely hypoplastic
pulmonary arteries a staged approach is preferred to
allow pulmonary arterial growth [2,9]. Prolonged intravenous administration of prostaglandin is not without
morbidity. Ductal stenting has become a good alternative for the initial palliation, but unfavorable ductal
anatomy (long and tortuous; vertical origin from the
inner arch) is rather the rule than the exception in this
subgroup of patients, often necessitating unusual arterial access and multiple manipulations, increasing
procedural time and complications (ductal spasm,
incomplete stenting, and access problems) [11,12]. Percutaneous radiofrequency perforation of the pulmonary
valve has been reported, but the risk of perforation is
particularly high in case of long segment (muscular)
atresia and in very small infants [13]. Conventional
palliative treatment consists of the surgical creation of
a systemic-to-pulmonary shunt (modified Blalock–
Taussig or central shunt) [8–10]. Such surgery in low
birth weight infants with diminutive pulmonary arteries
can involve major complications such as early or late
shunt occlusion, kinking or stenosis, distortion and differential growth of the pulmonary arteries, pulmonary
overcirculation, chylothorax, phrenic, and vagal nerve
palsy [3,7]. Other surgical options are creating a ventricular-arterial connection using a Sano-shunt or a
transannular patch. Both procedures however require
cardiopulmonary bypass which is poorly tolerated in
the very small and premature infants [1–9,13].
We report on hybrid interventions to get adequate
palliation: the surgeon provided access for accurate
and safe transventricular puncture of the atretic valve
without cardiopulmonary bypass, followed by transluminal stenting of the outflow tract, allowing adequate
pulsatile anterograde flow with desaturated blood. This
procedure can be considered a combination of an
‘‘upgraded’’ Brock procedure with an intracardiac
Sano-type shunt (without cardiopulmonary bypass). A
duct-shunted patient is thereby converted into a more
‘‘conventional’’ Fallot with pulmonary stenosis allow-
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ing antegrade pulsatile flow of desaturated blood into
the pulmonary artery (‘‘the better’’ shunt) [14,15].
The transluminal stent delineates an end-to-end anastomosis with minimal distortion. Such stent can be
dilated to augment pulmonary flow during somatic
growth, and provides easy access for transcatheter
interventions if indicated.
We applied this technique in three high risk patients
(low birth weight, diminutive pulmonary arteries) in
whom significant morbidity could be anticipated using
conventional strategies. The puncture of the atretic outflow tract from ventricular access is the most critical
maneuver of the procedure due to the risk of creating a
‘‘fausse route.’’ In all three patients the pulmonary
trunk could easily be entered. If a ‘‘fausse route’’ had
been created, the surgeon would probably be able to
control any hemorrhage. This would certainly not be
the case if the same complication occurred during a
transluminal radiofrequency ablation or closed puncture
technique.
The sternotomy proved to be a safe and well tolerated maneuver even in premature infants avoiding
problems with adequate vascular access (axillary or carotid). A sternotomy is better tolerated than a thoracotomy, as this involves a peroperative collapse of the
lung which can be problematic in an already cyanotic
patient.
Performing transluminal procedures in a hybrid suite
in an open chest creates a new environment with new
challenges but also new opportunities. Problems are
extreme proximity of the interventionalist’s hands to
radiation, less stability of the sheath with a ‘‘crowded’’
operation field, loss of typical radiologic landmarks.
Advantages are the much higher limit of sheath size,
the possibility to control a perforation or tear of the
cardiovascular wall, the possibility to re-crimp a stent
if required, the use of vascular clips as landmarks making the procedure safer and faster, and limiting the use
of fluoroscopy and contrast.
Deployment of a stent in the right ventricular outflow tract might compress a coronary artery; this is a
known complication in older patients during percutaneous stenting [7,16–18]. These two stenting techniques
however are distinctively different: stents used in neonates are small and expansion in the surrounding tissues is more symmetrical and therefore minimal in any
direction; in contrast, stents used during percutaneous
revalvulation are larger and expansion (tear of the
graft) typically occurs asymmetrically and excessively
in one direction. If coronary compression would happen during the procedure, the interventionalist can recrimp the stent if necessary. Covered stents were not
used as there was tissue continuity from the right ventricle to the pulmonary artery [19].
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The chosen stent diameter was 2 mm larger than the
pulmonary trunk as the risk of ‘‘overstretching’’ and
tearing such neonatal pulmonary artery is small [20].
In all three patients a reconfiguration of the RVOT
with progressive subpulmonary stenosis occurred with a
wide range of time intervals from 5 days up to 13
months. The trend of the infundibulum to gradually
‘‘close off’’ (fetally and postnatally) in this type of congenital malformation has also been reported by other
investigators [7]; it may be part of the natural course,
but may also be related to the technique. The need for a
second stent to treat the infundibular stenosis might be
prevented or postponed by adapting the puncture technique (two motions thereby orientating the stent away
from anterior wall), or by using a longer stent initially
with maximal protrusion into the RV cavity.
This procedure was in all three patients well tolerated
and safe with futile morbidity. We expect this technique
to compare very well with more ‘‘conventional’’ shunts,
and we now will consider this technique also for larger
infants who require a palliative procedure.
CONCLUSION

In this small group of patients, transventricular stenting of the RVOT through medial sternotomy appears
to be a safe and well tolerated initial palliation. This
technique might in future compare well with conventional strategies as initial palliation in infants with
TOF with PA and hypoplastic pulmonary arteries.
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