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Abstract

Pulmonary vein stenosis continues to pose significant challenges in children, frequently
requiring repeated cardiac catheterisation procedures. This report describes a successful
application of a “triple kissing balloon” technique to treat complex pulmonary vein stenosis in
two patients, all accomplished with the use of a single 6-French sheath.

Introduction

Infants with pulmonary vein disease often undergo multiple cardiac catheterisation procedures,
including stent placement and balloon angioplasty.1–4 In practice, one or more pulmonary veins
become compressed when adjacent veins are dilated. Interventional cardiologists frequently
accept some degree of narrowing in one vein to maintain the patency of others. Although the
“triple kissing balloon technique” has been reported in the literature for treating complex
coronary artery lesions,5–7 its application in the context of pulmonary vein stenosis was only
described by one of the oral presentations in the 2022 SCAI Scientific Session.8 Nevertheless, a
few programmes likely utilised this technique before.

Case presentation

Case # 1

A 2-year-old male weighing 10.7 kg with a history of prematurity and multivessel pulmonary
vein disease presented for repeat pulmonary vein angioplasty. He previously underwent stent
placement in the right upper using a 3 × 8 mm Promus Elite stent (Boston Scientific) and at a
different date a 4 × 8 mm Synergy stent (Boston Scientific), right middle using a 4 × 8 mm
Synergy stent, left upper using a 3.5 × 8 mm Synergy stent, and left lower pulmonary suing a
4 × 8 mm Synergy stent. The stent in the right upper pulmonary vein extended inside the
apicoposterior segmental vein traversing the take-off of the anterior segment of the right upper
and the stented right middle pulmonary veins. The angiogram showed in-stent stenosis with
narrowing at the take-off of all three veins [right middle (measured 3.4 mm distally),
apicoposterior segmental (measured 3.5 mm distally), and anterior segmental veins (measured
2.2 mm distally)]. All three segments were ballooned separately. However, due to the proximity
of all veins, ballooning resulted in compression of whatever segment was not cannulated (Fig. 1a
and b). Through a 6-Fr 35 cm sheath in the right femoral vein, a double kissing ballooning
(simultaneous balloon inflation) was performed over 0.014” guide wires in the anterior segment
and the right middle pulmonary (Fig. 1c). The angiogram showed resolution of the stenosis in
the ballooned veins with compression of the apicoposterior segmental vein (Fig. 1d). Through
the same 6-Fr sheath, a third 0.014” guide wire was placed inside the apicoposterior segment.
Subsequently, three monorail Quantum Apex balloons (Boston Scientific) were introduced into
the 6-Fr sheath over the 0.014” guide wires, spanning the take-off points of the three segments.
These balloons had dimensions of 2.5 × 12 mm for the anterior segmental vein, 3.5 × 12 mm for
the apicoposterior segmental vein, and another 3.5 × 12 mm for the right middle vein. All three
balloons were simultaneously inflated “triple kissing balloon technique” (Fig. 1e). A final
angiogram revealed no residual stenosis in all three veins (Fig. 1f). The side arm of the sheath was
connected to a slow heparinised saline (0.5 IU/ml) flush to prevent bleeding from the valve. At 6
months follow-up cardiac catheterisation, all segments were ballooned again using the same
technique.

Case # 2

An 11-month-old male weighing 5.9 kg presented for a scheduled cardiac catheterisation
surveillance. He was born with a truncus arteriosus with an interrupted aortic arch (Van Praagh
type A4) that was surgically repaired on the 10th day of his life. Additionally, at the age of
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3 months, he developed severe left common pulmonary vein
stenosis, which was effectively treated with the placement of a 4 ×
8mm Synergy stent. A baseline angiogram showed complete
occlusion of the left lower pulmonary vein with severe in-stent
stenosis in the distal inferior aspect of the stent (Fig. 2a). Mild
narrowing was also observed in the lingula and the left upper
pulmonary veins. The occluded vein was recanalised using a chronic
occlusion wire and balloon angioplasty was performed with no
residual narrowing (Fig. 2b). Balloon angioplasties were individually
carried out on the left upper (measured 4mm distally), left lower
(measured 4.2 mm distally), and lingula (measured 4mm distally)
veins. It was noticed that the narrowing resolved in whatever
individually ballooned vein and worsened in the others (Fig. 2c). As
such, the triple kissing balloon technique was utilised as described in
the first case through a single 6-French 35 cm sheath over 0.014”
guide wires using monorail NC quantum apex balloons (Fig. 2d).
Balloon sizes were 3.5 × 20mm in the left upper, 4.5× 20mm in the
left lower, and 4× 20mm in the lingula veins. Again, the side arm of
the sheath was kept on a slow heparinised saline (0.5 IU/ml) flush.
The final angiogram showed all three veins are wide open with no
localised stenosis (Fig. 2e and f).

At 5 months of follow-up cardiac catheterisation, the left upper,
lingula, and left lower pulmonary veins were ballooned again using
the same technique.

Discussion

Until recently, multivessel pulmonary vein disease was often
deemed fatal, and many medical centres considered it untreat-
able.9–11 However, over the past decade, a combination of new
medical treatments and innovative transcatheter and surgical
interventions has brought about substantial improvements in
survival rates. Pessimism has given way to optimism in the
management of this condition.1–4

While trifurcation pulmonary vein lesions are frequently
encountered in clinical practice, there is a lack of literature
describing their treatment. Most published research primarily
focuses on individual pulmonary veins, without addressing lobar
or segmental vein involvement.1–4 Treating trifurcation lesions
presents greater challenges in preserving the patency of each
segmental or lobar vein’s ostium. Interventional cardiologists often
face the dilemma of sacrificing patency in one segment to maintain
it in the larger ones. The triple kissing balloon technique, initially
designed for treating trifurcation left main coronary artery lesions,
has not been investigated for pulmonary vein application lesions.5–
7 However, when 0.014” guide wires are employed for trifurcation
coronary artery lesions, it typically necessitates the use of a large 9-
French guide catheter. In smaller children, utilising a 9-French
sheath can be challenging due to their petite anatomy. In this

Figure 1. (a) Cine image shows narrowing in the proximal apicoposterior segmental vein (solid arrow) after balloon angioplasty of the anterior segmental vein (empty arrow) of
the right upper pulmonary vein. (b) Cine image shows narrowing at the anterior segmental vein (empty arrow) after ballooning the apicoposterior segmental vein (solid arrow) of
the right upper pulmonary vein. (c) Saved fluoroscopy cine image shows the double kissing balloon technique applied to the anterior segmental vein and the right middle
pulmonary vein. (d) Cine image shows worsening narrowing in the proximal apicoposterior segmental vein (solid arrow) after simultaneous balloon inflation in the anterior
segmental vein and the right middle vein. (e) Saved fluoroscopy image shows simultaneous triple balloon inflation in the apicoposterior segmental vein, anterior segmental vein,
and right middle vein. (f) Cine images after simultaneous three balloon inflation show all three veins wide open with no localised stenosis.
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report, the triple kissing balloon technique was successfully
employed a few times in two patients without any complications
associated with the procedure.

A few technical points are worth mentioning:

1. Use monorail balloons as they allow controlling all balloons
in one hand and all wires with the other hand (Fig. 3).

2. Since three balloons and three wires pass through the sheath
valve, there is a potential for blood loss from the valve. This
issue can be addressed by connecting the side arm of the
sheath to a slow flush (until slow dripping of clear
heparinised saline is observed from the valve) (Fig. 3).

3. Although this was not encountered, the wires may become
entangled inside the sheath. If it occurs, interventionalists can
pull all wires outside the body and reposition them.

It is worth mentioning that, as expected with ballooning coronary
stent, we observed that the stent diameters were increased at the
expense of foreshortening. In the future, when the stents reach
their maximum potential diameter, they will be intentionally
fractured using ultrahigh-pressure balloons.1

Conclusion

When appropriate equipment is selected, a triple kissing balloon
technique can be employed with a small-bore sheath, specifically a
6-French sheath. While this technique holds promise as a valuable
approach for addressing trifurcation pulmonary vein lesions, its
ability to effectively maintain the long-term patency of all branches
is yet to be learned.

Competing interests. The authors declare that there is no conflict of interest.

Figure 2. (a) Cine image shows occlusion of the left lower pulmonary vein and in-stent stent stenosis (solid arrow). (b) Cine image shows the left lower pulmonary vein with good
size after recanalisation and balloon angioplasty. (c) Cine image shows iatrogenic narrowing in the left lower vein (solid arrow) after ballooning the lingula vein. (d) Cine image
shows simultaneous three balloon inflation “triple kissing balloon technique.” (e and f) Cine images after simultaneous three balloon inflation show all three veins wide open with
no localised stenosis.

Figure 3. Image shows the 3 balloons are controlled with one hand, and the three
wires are controlled with the other hand. Notice the side arm of the sheath is
connected to a slow heparinised saline flush to prevent bleeding from the valve.
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Research involving human participants. All procedures performed in
studies involving human participants were in accordance with the ethical
standards of the institutional and/or national research committee and with the
1964 Helsinki Declaration and its later amendments or comparable ethical
standards.

Informed consent.As our case report does not meet the definition of research,
it is not subject to Institutional Review Board oversight as per the University of
Iowa Institutional Review Board. As such informed consent was not obtained
from the individual participant included in the case report.
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