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A B S T R A C T

The quadricuspid pulmonary valve is a relatively common congenital anomaly which is rarely
complicated clinically and also tends to be under-diagnosed. The following case report shows a 62-year-
old man with exertional dyspnea due to quadricuspid pulmonary valve stenosis that was diagnosed by
using electrocardiography-gated multiple detector computed tomography. He was then treated
effectively by transcatheter balloon pulmonary valvuloplasty using an Inoue balloon catheter.
<Learning Objective: The quadricuspid pulmonary valve is a congenital anomaly which is rarely
complicated clinically and tends to be under-diagnosed. Electrocardiography-gated multiple detector
computed tomography is a useful imaging modality for diagnosing the quadricusid pulmonary valve.
Transcatheter pulmonary valvuloplasty with an Inoue balloon catheter was effective for treating
quadricuspid pulmonary valve stenosis.>
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Introduction

The quadricuspid pulmonary valve (QPV) is a relatively
common congenital anomaly which tends to be clinically silent
thus, it is usually discovered post mortem or by imaging modalities
such as multiple detector computed tomography (MDCT) inciden-
tally. Transcatheter balloon pulmonary valvuloplasty (BPV) is the
currently-preferred therapeutic modality for valvular pulmonary
stenosis (PS) because of its safe procedure and favorable short- and
long-term outcomes. The usefulness of the Inoue balloon catheter
for BPV in adult PS cases has been reported based on its inherent
ability compared with the conventional size-fixed balloon
catheters.

Here we describe a case of symptomatic QPV stenosis diagnosed
using electrocardiography (ECG)-gated MDCT, and treated by BPV
using an Inoue balloon catheter.
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Case report

A 62-year-old man was referred to our hospital because of tall R
waves in precordial leads and premature ventricular contractions
originating from the right ventricularoutflow tract, as discovered in an
electrocardiogram during a health check-up. Clinical examinations
revealed a grade 3 systolic murmur in the second right and left
intercostal spaces. Transthoracic echocardiography showed a distor-
tion of the left ventricular chamber and a markedly enlarged right
atrium. The estimated pulmonary artery pressure was high; the peak
gradient of the trans-tricuspid valvewas 101 mmHg. There was a color
Doppler mosaic at the pulmonary valve (PV), and the peak gradient
was 67 mmHg, which led to the diagnosis of PS. No other cardiac
anomalies, including aortic valve malformations, were observed.
Diagnostic cardiac catheterization was then performed, and a typical
dome-shaped PV with a dilated pulmonary trunk was observed by the
right ventriculography. Right ventricular systolic pressure was
102 mmHg, yielding a peak-to-peak gradient across the PV of
82 mmHg without premature ventricular contractions. ECG-gated
MDCT for the morphological assessment of the PV revealed QPV
(Fig.1A) inwhich the diameterof pulmonaryannulus was 22 mmwith
the post-stenotic dilatation of the pulmonary trunk (Fig. 1B).
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Fig. 1.
Electrocardiography-gated multiple detector computed tomography, showing quadricuspid pulmonary valve (A) and post-stenotic dilatation of pulmonary trunk
(B).
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Although we recommended the patient to undergo transcath-
eter BPV, he initially rejected it because he had no symptoms.
However, five months later the patient presented with exertional
dyspnea in association with frequent premature ventricular
contractions, and thus consented to the treatment. The use of
the Inoue percutaneous transvenous mitral commissurotomy
(PTMC) balloon catheter for BPV was approved by the ethics
committees of Hoshi General Hospital.

A 5-Fr sheath was inserted into the left femoral vein, and a
pigtail catheter (Merit Medical Inc., South Jordan, UT, USA) was
positioned in the right ventricle. A 6-Fr sheath was then inserted
into the right femoral vein and the PV was crossed by a 6-Fr balloon
wedge-pressure catheter (Teleflex, Morrisville, NC, USA). The peak-
to-peak gradient across the PV was elevated to 126 mmHg with
bigeminal pulse. Although the 0.035 in Amplatz Extra Stiff
guidewire (Cook, Inc., Bloomington, IN, USA) failed to cross the
PV along the balloon wedge-pressure catheter, which dropped
down to the right ventricle, it succeeded in reaching the left
pulmonary vein along the 5-Fr pigtail catheter (Terumo Corp.,
Tokyo, Japan). The Inoue PTMC balloon catheter (22-26 mm) was
Fig. 2. The Inoue balloon catheter, which was inflated partially at the stenotic pulm
introduced to the PV along the Amplatz Extra Stiff guidewire and
was dilated at 26 mm (Fig. 2), monitoring right ventricular
pressure simultaneously. After dilation, right ventricular systolic
pressure was immediately reduced to 48 mmHg, yielding a peak-
to-peak gradient across the PV of 18 mmHg.

After BPV, exertional dyspnea was improved with a decrease in
serum brain natriuretic peptide levels from 548 to 176 pg/ml.
Although bigeminal pulse persisted after the procedure, premature
ventricular contractions declined gradually for several months. In
the echocardiographic follow-up at eight months, the peak
gradient at the PV had not risen again.

Discussion

Almost all cases of PS are congenital in origin since PVs are
rarely affected by acquired diseases. Although PS is a relatively
common adult congenital heart disease with an incidence of
0.12 per 1000 in adults [1], PS patients are usually asymptomatic
even though the stenosis is severe. Balloon valvuloplasty is
recommended in symptomatic adult PS patients with a peak-to-
onary valve (A), and was inflated completely as the indentation disappeared (B).



T. Shimizu et al. / Journal of Cardiology Cases 18 (2018) 204–206206
peak gradient across the PV greater than 30 mmHg at catheteriza-
tion, and also in asymptomatic patients with a peak-to-peak
gradient greater than 40 mmHg [2]. Although the patient in this
case was asymptomatic at first even though his peak-to-peak
gradient across the PV was 82 mmHg, the ventricular bigeminy,
which increased the gradient by Brockenbrough phenomenon,
caused the patient’s exertional dyspnea and therefore the decision
to undergo BPV.

Transcatheter BPV for the treatment of valvular PS has
replaced surgical valvotomy since Kan et al. first reported it in
1982 [3]. A number of studies have confirmed its safety and its
favorable short- and long-term outcomes [4]. The use of Inoue
balloons for BPV in adult valvular PS was first reported by Lau
et al. in 1993 [5]. The usefulness of these balloons was based on
their inherent ability to anchor at the PV during inflation, thus
preventing abrupt forward movement, to allow stepwise
dilation without the necessity of balloon exchanges, and to
deflate within a relatively short time, allowing fast hemody-
namic recovery. Adequate short- and long-term outcomes after
BPV using Inoue balloons for adult valvular PS have been
previously reported [6].

The QPV is also a relatively common congenital anomaly, which
is usually discovered in postmortem specimens with an incidence
of 1 in 400–2000 autopsies, depending on the series reported. It is
commonly associated with aortic valve malformations because
these semilunar valves originated from the same trunk embryo-
logically. A number of anatomical variations have been reported, in
which three equal-sized cusps with one smaller cusp is the most
common morphology [7], as MDCT revealed in the present case.
QPV tends to be under-diagnosed because the unfavorable
anatomical relation of PV and the echo window makes it difficult
to visualize PV clearly on echocardiography. Recent advances in
MDCT technology permit cardiac CT to provide excellent images of
PV, although only echocardiography can evaluate the functional
abnormalities of PV. Thus, previous reports have shown the
efficacy of ECG-gated MDCT [8] and magnetic resonance imaging
[9] to evaluate the morphology of PV.

QPV can be an isolated anatomic variant and rarely complicated
clinically, thus only a few cases have been reported of QPV
associated with secondary valvular diseases such as PS and
regurgitation [9,10].
To the best of our knowledge, this is the first report to describe
symptomatic quadricuspid PS treated by BPV using an Inoue
balloon catheter. BPV using Inoue balloon catheters was an
effective treatment for PS with QPV.

Conclusion

Our report showed a rare symptomatic adult PS case that was
accompanied by QPV. ECG-gated MDCT was a useful modality for
diagnosing QPV, and BPV using an Inoue balloon catheter was an
effective treatment for quadricuspid PV stenosis.
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