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Abstract

Residual stenosis after right ventricle outflow tract surgery represents a major issue to manage
in the children and adult patient with conotruncal defects. Despite a detailed multimodality
imaging, the anatomy of distal pulmonary trunk and pulmonary artery bifurcation may be chal-
lenging in these patients.

The aim of this study was to analyse retrospectively the outcome of the percutaneous
transcatheter treatment in children with post-surgical stenosis of pulmonary artery bifurcation.

We enrolled 39 patients with a median age of 6.0 years. Standard high-pressure balloon
dilation was attempted in 33 patients, effective in 5 of them. Pulmonary branch stenting was
performed in 10 patients, effective in 6. A kissing balloon approach was chosen in 17 patients
(6 after angioplasty or stenting failure), and this technique was effective in 16 cases. Finally, a
bifurcation stenting was performed in 10 patients (second step in 9 cases), effective in all the
cases. None of the patients approached by kissing balloon needed a bifurcation stenting.

In conclusion, standard balloon angioplasty and standard stenting might be ineffective in
post-surgical stenosis involving pulmonary artery bifurcation. In this population, kissing
balloon or bifurcation stenting, followed by side branch de-jailing, may be more effective in
relieving the gradient.

Residual stenosis after right ventricle outflow tract surgery represents a difficult problem to
manage in the children and adult patient with conotruncal defects.! Moreover, the anatomy
of pulmonary artery bifurcation can be heterogeneous due to the underlying anatomical features
and the surgical approach.>* Percutaneous pulmonary artery balloon angioplasty and/or stent-
ing are considered the standard treatments in case of right ventricle outflow tract obstruction
and pulmonary artery branches stenosis.*> However, the re-intervention rate in this cohort of
patients is relevant.’ In fact, percutaneous treatment of the distal main pulmonary artery
presents several pitfalls regarding the anatomical setting (e.g. lumen diameter discrepancy
between main pulmonary artery and pulmonary artery branches, acute angle of the bifurcation,
ab-extrinsic distortions), the presence of different surgical materials (e.g., patches, conduits, etc.)
and post-surgical scars. In addition, the risk of balloon instability (i.e., milking) during the infla-
tion and stent dislodgment can lead to an unsuccessful procedure. In order to overcome these
problems, some techniques were described to approach the distal pulmonary artery by one or
more stents implantation.5!! On the other hand, this type of procedure needs to be tailored on
the patient’s characteristics, thanks to non-invasive assessment of the anatomy (CMR or CT
scan) and with a careful pre-operative planning, taking into account possible issues due to
the vascular access availability. Finally, in small children, percutaneous stenting with devices
not expandable to adult size may create problems for future treatments of the same lesion,
and they should be limited to rescue procedure and critical settings. In these patients, a kissing
balloon approach may achieve a good result by avoiding stent implantation.

The aim of this study was to retrospectively analyse the outcome of the percutaneous trans-
catheter treatment in children with conotruncal disease involving the pulmonary artery bifur-
cation. In particular, we sought to evaluate the mid-term outcome of kissing balloon angioplasty
in terms of safety and efficacy and compare the outcome of this technique with standard balloon
dilatation and standard stenting (SS) approach.

We reviewed retrospectively all patients with conotruncal disease and post-surgical lesions
involving the pulmonary artery bifurcation and the origin of one or both the pulmonary arteries
undergoing percutaneous treatment between January 2014 and December 2021 in the Pediatric
Cardiology Unit of University Hospital of Padua.
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The inclusion criteria were conotruncal CHD and post-surgical
stenosis involving distal main pulmonary artery and/or the origin
of pulmonary artery branches. We excluded patients with univen-
tricular physiology, undergoing Glenn or Fontan palliation,
patients with tetralogy of Fallot and pulmonary atresia or other
complex heart disease palliated with Goretex conduit, patients with
right ventricle outflow tract obstruction localised below the sino-
tubular junction, patients with peripheral pulmonary branches
stenosis, and patients with single pulmonary branch stenosis.

Among the 290 patients treated in our centre for right ventricle
outflow tract and pulmonary artery angioplasty and/or stenting, 39
patients resulted eligible for this study.

The following patients’ characteristics were described: demo-
graphics, cardiac diagnosis, surgical history, time to catheterisa-
tion, indications for catheterisation, haemodynamic data,
angiographic measurements, type of percutaneous treatment,
adverse events, patients’ outcome, and follow-up including sub-
sequent cardiac catheterisations or surgical procedures.

All cardiac catheterisations were performed under general anaes-
thesia. Pulmonary artery diameters were measured through selective
angiograms. Balloon size was chosen based on the type of procedure,
the size of the stenosis to be treated as well as the diameters of main
pulmonary artery and pulmonary artery branches:

o standard high-pressure balloon (single balloon) (SB): balloon
size was chosen between 1.5 and 2.5 times the stenosis diam-
eter, provided that it did not exceed the nominal diameter of
the vessel distal to the stenosis;

kissing balloon (KB): the balloons maximum diameter were
chosen in such a manner that the sum of the diameter of the
two balloons multiplied by 0.8 was less than 1.5 times the
diameter of the pulmonary artery trunk (the highest ratio
suggested for balloon dilatation of pulmonary valve), and that
the maximum diameter of the single balloon was equal to the
nominal diameter of the corresponding pulmonary branch
(to minimise the risk of pulmonary branch injury).

Stent implantation: the stent diameter was selected based on the
post-stenotic distal vessel size, and the length of the stent was
based on the length of the stenosis and on the necessity to cover
a tract of main pulmonary artery and/or pulmonary branch to
straighten the bifurcation or to create an anchoring for a second
stent. Procedures isolated to main pulmonary artery or pulmo-
nary artery branches were defined as SS approach. When the
pulmonary bifurcation was intentionally covered (jailing stent
technique, JS), patients underwent de-jailing of the opposite pul-
monary branch in order to preserve bilateral blood flow. Post-
dilatation of the stent, de-jailing or second/further stent(s)
implantation were performed to shape the stent(s) on the
anatomy of right ventricle outflow tract. Details on stent implan-
tation can be found in previous works.*!! After stent implan-
tation, we administrated Aspirin 2-5 mg/kg (max 100 mg) for 1
month in case of stents >7 mm of diameter, or for 6 months in
case of small stents (<7 mm) or concomitant percutaneous pul-
monary valve implantation.

Based on the technique chosen, procedures were divided in four
groups: SB group, KB group, SS group, and JS group.

The procedure was considered effective if the residual invasive
pressure gradient on the pulmonary bifurcation was <20
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mmHg.!? It was considered partially effective if the whole post-
procedural invasive gradient remained between 20 and 40
mmHg, and it was at least halved, and the systolic pressure in
the right ventricle was inferior to 2/3 of the systemic pressure.'

After the discharge, the patients were followed up in outpatient
clinic every 6 months by clinical examination, electrocardiogram,
and transthoracic echocardiogram in order to assess clinical status,
to exclude the presence of arrythmia and evaluate biventricular
function, and estimate right ventricle pressure and right ventricle
outflow tract mean and peak gradients. In case of suspected signifi-
cant residual lesions, a CT scan or a CMR was scheduled. Further
management (clinical, surgical, or percutaneous interventions) was
planned according to current recommendations or guidelines.!*~**

The statistical analysis was performed using SPSS Software (v.
27.0). Continuous variables were expressed as means and standard
deviations and/or median and in interquartile ranges (Q25/Q50/
Q75), depending on their distribution. The normal distribution
was verified by Shapiro-Wilk test. Qualitative data were compared
using Mantel-Haenszel’s test. Continuous variables were com-
pared using unpaired t-test or the Mann-Whitney U-test. The cor-
relations were studied by linear regression analysis. The null
hypothesis was rejected for a p value <0.05. The comparison of
dichotomic variables were performed by using Chi-square text
and applying the Yates’ correction or Fisher’s exact test, when
appropriate.

Thirty-nine patients fulfilled the inclusion criteria for this study.
Twenty-two patients presented a surgically corrected tetralogy of
Fallot, eight patients presented a surgically corrected truncus arte-
riosus, and nine patients presented a d-transposition of great
arteries s/p arterial switch. Indication to treatment was right ven-
tricle outflow tract obstruction in 23 patients, hypoperfusion of one
lung in 5, right ventricle outflow tract obstruction and single lung
hypoperfusion in 7, and associated right ventricle outflow tract
obstruction and pulmonary regurgitation in 4. Haemodynamic
measurement showed a mean gradient of 46.9 + 11.8 mmHg.

The treatment algorithm was synthetised in Figure 1. The mean
age was 8.7 £ 7.8 years (median 6.0 years), and weight and body
surface area were 31.0 + 26.3(19.0) kg and 1.00 + 0.53 (1.00) m?,
respectively (Table 1).

Standard approach by starting with a SB dilation was adopted in
33 patients. In one patient, due to a kinking of the origin of the left
pulmonary branch, a direct SS was chosen. JS was the first treat-
ment in one patient. Finally, KB approach was the first choice
in four patients. The largest balloon used was a Sterling balloon
in 5 cases and a Dorado/Atlas Gold balloon in 21 patients. In three
cases, a cutting balloon was needed to resolve a tight stenosis.

The results are summarised in Table 2.

SB was effective in five patients. In these patients, the global
right ventricle outflow tract gradient dropped from 38.6 + 3.0 to
12.7 9.5 mmHg (p = 0.013) and the right ventricle/left ventricle
pressure ratio from 0.70 £ 0.17 to 0.40 £ 0.12 (p =0.014). In the
remaining 28 cases, the pressure gradient reduction was below
10 mmHg, so a second step was planned: SS in 9, KB in 12, and
JS in 7 patients (Table 2).
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I Figure 1. Algorithm of treatment and outcome.

Ten patients underwent a SS. This procedure was effective in 6/
10 patients. Globally, the right ventricle outflow tract gradient
dropped from 46.0 + 12.3 mmHg to 23.2 + 14.8 mmHg (p = 0.002)
and right ventricle/left ventricle pressure ratio from 0.81 £ 0.25 to
0.52 £0.16 (p = 0.004). Between the six patients showing an effec-
tive result, the right ventricle outflow tract gradient dropped from
41.2 +13.2 mmHg to 13.1 + 4.6 mmHg (p = 0.012) and right ven-
tricle/left ventricle ratio from 0.76 + 0.19 to 0.44 + 0.11 (p = 0.007).
Palmaz Blue stent was used in two patients (pulmonary branch),
coronary stent in one patient (pulmonary branch), Vascular
Express stent in one patient (pulmonary branch), Andra XXL stent
in one patient (main pulmonary artery), Palmaz Genesis stent in
three and (pulmonary branch), and CP stent in two patients (main
pulmonary artery).

In the four failing procedures, a JS was effectively performed in
two cases, in one case a KB of pulmonary artery bifurcation was
attempted, while in one patient the next step was surgery.

Seventeen patients were treated by KB approach (Figs 2 and 3),
4 as primary approach, 1 after left pulmonary artery SS, and 12
after ineffective SB. In these patients, the right ventricle outflow
tract gradient dropped from 49.1 £11.9 mmHg to 21.8+11.0
mmHg (p < 0.001) and right ventricle/left ventricle pressure ratio
from 0.80 + 0.33 to 0.45 + 0.09 (p = 0.005). Between the 14 patients
showing an effective procedure, the right ventricle outflow tract
gradient dropped from 44.8 +8.0 mmHg to 17.0 +3.3 mmHg
(p<0.001) and right ventricle/left ventricle ratio from
0.69 + 0.07 to 0.40 + 0.09 (p = 0.01). The procedure was performed
by using Dorado, Atlas Gold balloons, or a combination of both in
12 cases (2 veins approach in 13 and single vein approach in one);
in five patients, two Sterling balloons were used (single vein
approach). Among the cases with partially effective result after
kissing balloon, two presented a post-arterial switch anatomy,
and the third patient a truncus arteriosus already treated with left
pulmonary artery stenting. The latter patient described underwent
surgery at 8 years of life (4 years after kissing balloon procedure)
for surgical replacement of pulmonary conduit and pulmonary
branch angioplasty.

Finally, 10 patients were treated with JS (Figs 4 and 5), as first
procedure in 1 patient, after failing SB approach in 7, and after sin-
gle-branch stenting in 1 patient. Eight of them were scheduled for
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further percutaneous pulmonary valve implantation. The pro-
cedure was effective in all the patients, and the right ventricle out-
flow tract gradient dropped from 58.1 + 9.5 mmHg to 12.0 + 8.2
mmHg (p < 0.001) and right ventricle/left ventricle pressure ratio
from 0.93+0.19 to 0.41+0.10 (p<0.001). The technique of
stent(s) deployment consisted of a stent implantation in the small-
est pulmonary artery branch and subsequent de-jailing in four
patients, “culotte” technique in three, and “I” stenting in three
patients.'* Bifurcation was covered with Andra XL stent in seven
cases and XXL in two cases, and a Palmaz Genesis XD stent was
used in one case. A single stent (excluding percutaneous pulmo-
nary valve stent) was used in four cases, two stents in four cases,
and three stents in two cases.

Compared to JS, patients treated with a KB approach were
younger (6.0 £ 5.2 years, median 2.0 years versus 13.6 + 5.4 years,
median 11.5 years). In addition, 9/10 of JS group were tetralogy of
Fallot and only 1 had d-transposition of great arteries, while in KB
group 6 patients had d-transposition of great arteries, 8 tetralogy of
Fallot, and 3 truncus arteriosus. Interestingly, patients with a KB
approach did not need further JS. Regarding the three unsuccessful
KB procedure, one patient was referred for surgery due to an undi-
latable intra-stent stenosis and conduit degeneration in truncus
arteriosus history, while two patients presented residual stenosis
due to the effect of ascending aorta on the Lecompte manoeuvre.
In all of them, stenting implantation was contraindicated.

In SS group, a contralateral branch jailing was documented in two
cases. In one patient, no further manoeuvre was planned, while in
the second patient a balloon dejailing by stent strut enlargement
was performed. The third patient showed a second-grade fracture,
and the patient was addressed to surgery for concomitant conduit
replacement and pulmonary branches angioplasty.

In JS group, one patient suffered from hemothorax due to
peripheral guidewire injury requiring emergent percutaneous
drainage and blood transfusion. The culprit vessel was embolised
successfully with an Amplatzer Vascular Plug IV 6 mm. The
patient was discharged 2 days after the procedure. His follow-up
was uneventful.
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Table 1. Patients’ characteristics.

Mean £ SD  Quartiles [25;50t;75M]

Age (years) 87+78 2.4 6.0; 14.7
Weight (kg) 31.0 £ 26.3 11.5; 19; 51.5
Height (cm) 119.1 + 36.6 92; 113; 156

BSA (m?) 1.00 + 0.53 0.54; 0.75; 1.55

LV pressure (mmHg) 90.0 £ 15.8 80; 90;100

RV pressure (mmHg) 67.3 £14.6 55; 65; 75

RV/Ao ratio 0.75 + 0.24 0.62; 0.73; 0.85
Total RVOT gradient (mmHg) 46.9 + 11.8 38.0; 47.0; 67.0

Ao = aorta; LV = left ventricle; PA = pulmonary artery; RV = right ventricle; RVOT = right
ventricular outflow tract; SD = standard deviation.

The mean follow-up was 20 + 15 months (interquartile range 8/20/35
months). The five patients with effective SB approach showed a right
ventricle pressure of 45.8 + 20.2 mmHg, and an right ventricle outflow
tract peak gradient was 33.2 £ 14.7 mmHg. Among the six patients
with effective SS, one patient with right pulmonary artery stenting
underwent surgical replacement of right ventricle conduit due to
degeneration of the 12-mm Contegra conduit. The remaining five
patients presented a peak right ventricle outflow tract gradient of
30.0 £ 7.8 mmHg. Among the eight patients treated with successful
or partially effective KB, right ventricle pressure was 44.0 £ 8.1
mmHg and right ventricle outflow tract peak pressure gradient was
25.0 + 11.2 mmHg. Finally, the 11 patients undergone JS showed a
right ventricle pressure of 31.3 + 8.8 mmHg and a right ventricle out-
flow tract peak pressure gradient of 25.4 + 13.1 mmHg.

The analysis of d-transposition of great arteries patients group
showed: seven patients underwent SB angioplasty, ineffective in
all the cases, and six of them treated by KB approach. A JS was
the first choice in one patient. After SB, the gradient dropped from
40.2+8.6 mmHg to 35.6+20.1 mmHg (p =0.51), while after KB
and bifurcation stenting the gradient dropped from 50.0+8.0 to
21.5+2.6 mmHg (p = 0.02), with effective procedure in one patient,
partially effective in two patients, and ineffective in one patient
(Table 3). In the latter, patient persisted a valvular stenosis not eli-
gible of stenting due to coronary compression documented during
the angioplasty.

The analysis of the baseline pressure gradient among our cohort
revealed that only six patients started the first procedure with a
peak gradient between right ventricle and distal pulmonary
artery <40 mmHg. The SB was effective in four of them, while
in two patients a stent was implanted due to a persisting stenosis
secondary to vessel kinking. The gradient was >40 mmHg in 26
patients. In this subgroup, SB dilatation was effective in only 1
patient, while a second step by a KB was effective in 13 patients.
However, 16 patients were treated with 1 or more stents implan-
tation, while in 2 patients no further treatment was attempted due
to the small age of the children.
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Right ventricle outflow tract and pulmonary artery branches sten-
oses mainly affect conotruncal defects and represent a frequent
scenario in the post-surgical history of these patients.!
Guidelines summarise the indications for percutaneous/surgical
treatment of this population;'*!> however, the operative modalities
need to be customised on the patient’s anatomy. Percutaneous
approach is preferred because less invasive and better tolerated
and often is sufficient to improve the lesion avoiding a second
or further surgery. Nevertheless, the efficacy of interventional pro-
cedure relies on several factors, such as the location of the stenosis,
the underlying pathology, previous surgical operation(s), the rela-
tionship with surrounding structures/organs (i.e. aorta, coronary
arteries, and bronchi), and the age of the patient.

Thus, a stenosis close to the pulmonary bifurcation often rep-
resents a complex lesion, challenging to define and to treat.”!®
Although single-balloon angioplasty of post-surgical stenotic right
ventricle outflow tract often yields pressure gradient reduction and
effective vessel diameter increase, the results obtained are often
temporary, necessitating re-intervention in the mean to long
term.'”!8 Since the introduction of high-pressure balloons, results
of balloon pulmonary angioplasty have improved significantly, and
stent implantation has further increased the short-term success
rate up to 90% and more.'*!>-17 Various stenting techniques have
been implemented for complex anatomies, achieving good results
in terms of procedure effectiveness.>*#19-22 Nonetheless, stent
implantation in children is burdened by a relatively high rate of
complications (e.g. coronary compression, aneurysm-dissection
or rupture of pulmonary arteries, aorto-pulmonary fistula forma-
tion, and stent malposition).!>**** In addition, the need of large
delivery systems in small children may cause problems on the vas-
cular access and haemodynamic instability due to catheter-
induced pulmonary and tricuspid valve regurgitation. Finally, as
suggested by guidelines, stent implantation should be considered
only if the device can be dilated up to adult size, when the risk
to compromise the pulmonary valve function is low and when
the pulmonary bifurcation is not impinged.'* Despite the recent
availability of low-profile stents dilatable to large diameters, bal-
loon pulmonary angioplasty continues to be the first option in pul-
monary bifurcation stenosis in small children or infants.!*?
Procedural technical failure can be summarised in: balloon under-
sizing or balloon instability due to change in calliper between pul-
monary artery and pulmonary branches, transient change in
geometry of right ventricle outflow tract during balloon inflation
with consequent loss in radial force during the manoeuvre, undi-
latable stenoses despite high pressure or cutting balloons, and pres-
ence of arterial kinking.

KB technique was described for the first time in the 1980 by
Kurt Amplatz, by using two 9-mm balloons from a bilateral fem-
oral artery approach to treat a Leriche syndrome.? In the next dec-
ades, this approach became a valuable technique for aortic lesions
involving iliac bifurcations.?” The same technique was used for the
first time in 1989 to treat a coronary lesion by using a single guiding
catheter.”® Since that first experience, KB became the standard of
care for coronary bifurcation stenoses, before or after stenting.”

Based on our data, a severe distal right ventricle outflow tract
stenosis with a right ventricle-pulmonary artery branches peak-
to-peak gradient >40 mmHg is unlikely to be due to a single-
branch stenosis; therefore, a standard approach (SB or SS) has high
probability to fail.
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Table 2. Procedural outcomes. The gradients are expressed in mmHg. EP: effective or partially effective procedures.

RVOT pressure gradient
n. pts treated P 8

RV/LV pressure ratio

Group (EP) pre post p-Value pre post p-Value
SB 33 44.4 + 15 29 + 14.7 0.002 0.77 £ 0.26 0.53 £ 0.18 0.001
(5) 38.6 £3.0 12.7+9.5 0.013* 0.7+0.17 0.4+£0.12 0.014
SS 10 46.0 £12.3 23.2+14.8 0.002 0.81+0.25 0.52£0.16 0.004
(6) 41.2+13.2 13.1+4.6 0.012* 0.76 £0.19 0.44+0.11 0.007
KB 17 49.1+£11.9 21.8+11.0 <0.001 0.80+0.33 0.45 £0.09 0.005
(16) 448+8.0 17.0+3.3 >0.001* 0.69 +0.07 0.40 £ 0.09 0.01
JS 10 58.1+9.5 12.0+8.2 <0.001* 0.93+0.19 0.41+0.10 <0.001
(10) - - - - - -

LV = left ventricle; RV = right ventricle; RVOT = right ventricular outflow tract.

According to our institutional protocol, an approach with SB
angioplasty was applied as first-line option, followed by KB. On
the other hand, SS was considered in case of vessel kinking (first
choice) or in case of angioplasty failure or complications.

In our experience, KB enables to accommodate safely the bal-
loons in the pulmonary branches, allowing larger effective diame-
ters and higher stability of the system during balloon inflation.
Moreover, in young children, a KB approach might be also per-
formed with smaller (4-5 Fr) short sheaths using double-vein
approach, minimising the risk of vascular access injuries. Since
2018, KB technique was considered in selected cases as the first
choice or as alternative approach, when SB was ineffective.

To the best of our knowledge, this is the first study to evaluate
systematically the short- and mid-term efficacy of KB on pulmonary
artery bifurcation lesions in the paediatric age. Specifically, we dem-
onstrated that this technique is particularly effective in patients with
post-arterial switch anatomies and in presence of significant
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Figure 2. Three-year baby, residual multiple stenosis
after surgical correction of truncus arteriosus. (A)
Severe stenosis of the origin of left pulmonary artery
and distal main pulmonary artery; (B) stenosis of distal
right pulmonary artery. After selective balloon dilatation
of right, left, and main pulmonary artery stenosis (see
supplementary video 1), whole gradient dropped from
75 mmHg to 45 mmHg. Finally, a kissing balloon
approach was used (C), with a good result (D, E). Final
RVOT gradient was 20 mmHg, and RV/Ao dropped to
75% after standard balloon approach to fall to 50% after
kissing balloon.

distortion of the pulmonary bifurcation, since standard balloon dila-
tation often fails in relieving the gradient, avoiding or delaying fur-
ther and challenging manoeuvres (stenting or surgery).

In older patients with concomitant pulmonary valve degener-
ation, JS can be considered as the first approach to resolve the pul-
monary branch stenosis and create a landing zone for pulmonary
valve implantation in the same procedure or in the short- or mid-
term follow-up. In fact, a radical relief of the gradient can improve
the outcome of the procedure, by reducing the risk of both pulmo-
nary valve degeneration and endocarditis and by increasing the
stress tolerance.’’-3! In addition, in pyramidal right ventricle out-
flow tract shape, the JS technique may offer a unique landing zone
and increase the stability of the implanted pulmonary valve. In our
centre, a two-stage approach was offered when the stents implan-
tation was expected to be long or when the stent implanted
required further shape optimisation, to limit the procedural time,
the X-ray exposure, and contrast media administration.
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Figure 3. TGA s/p arterial switch, 5-year bilateral pul-
monary branch stenosis involving distal pulmonary
artery (A,B), approached with direct kissing balloon
(C), with good final result (D,E).

Figure 4. Multiple stenosis in ToF patient (age 16 years).
A CP stent was implanted in a previous procedure (A).
Baseline gradient was 40 mmHg. The stenosis of right
pulmonary artery was treated first with a 48-mm
Andra XL stent (B), and the stent was post-dilated in
order to shape the distal part of the stent following
the bifurcation. The left pulmonary artery was progres-
sively de-jailed up 14 mm and the pulmonary artery
bifurcation was dilated by kissing balloon technique
up (C), then a second Andra XL stent 57mm was
implanted on the left pulmonary artery to straighten a
kinking (TAP technique) (D). Finally, a 22-mm Melody
valve was implanted in anatomic position (E). Final gra-
dient is 15 mmHg. For more details, please see supple-
mentary video 2.

Limitations

This study has some limitations. First is the retrospective nature
of the study. Therefore, no randomisation or the application of
pre-fixed algorithm of treatment was possible. Second, the num-
ber of patients enrolled is relatively low, despite this is the large
case series published in this field. Third, age and weight and ana-
tomical features of the patients were heterogeneous. All these
factors may impact the therapeutical choice and the options
available.
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Conclusion

Despite a detailed multimodality imaging to study the right ven-
tricle outflow tract anatomy, the treatment of distal pulmonary
trunk and pulmonary artery bifurcation in patients surgically
treated for conotruncal CHDs may be difficult.

In patients with right ventricle outflow tract obstruction involving
this anatomical site, standard balloon angioplasty and selective pul-
monary branch stenting may be ineffective. In this setting, a kissing
balloon approach may be more appropriate and more effective.
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Table 3. Subgroup analysis based on the underlying pathology and the baseline gradient.

B. Castaldi et al.

p-Value p-Value
E or PE procedure/n°pts treated (SB + SS versus KB) (SB + SS versus KB + JS)

Subgroup according to disease N. of pts SB SS KB JS
d-TGA 9 0/8 0/0 5/6 1/1 0.003 0.001
ToF 23 3/17 5/8 77 9/9 0.002 <0.001
TA 8 2/8 1/2 3/4 = 0.24 0.24
Subgroup according to RV-PA gradient
RV-PA <40 mmHg 6 4/4 1/1 - 0/0 -
RV-PA > 40 mmHg 34 1/29 5/9 15/17 10/10 <0.001* <0.001

E = effective; KB = kissing balloon; PE = partially effective; RV-PA = right ventricle-pulmonary artery; SB =single balloon; SS = standard stenting; ToF =tetralogy of Fallot.

Figure 5. Tetralogy of Fallot with multiple stenosis. A CP stent was previously implanted in the conduit; however, it showed several fractures. First, a 57-mm XL Andra stent was
implanted in right pulmonary artery (A), and the overlap between CP and Andra stent was weak (B), so a CP stent was implanted to stabilise the system (C). The left pulmonary
artery was approached by opening the Andra stent struts up to 14 mm by using an Atlas Gold balloon (D). The residual stenosis was approached by implanting a 30-mm Andra
stent (TAP technique) (E). Finally, a 22-mm Melody valve was implanted. Whole gradient dropped from 50 mmHg to 0 mmHg. See supplementary video 3 for more details.
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