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a b s t r a c t 

Left ventricular (LV) apical hypoplasia is a rare restrictive cardiomyopathy subtype with an unclear patho- 

physiology. LV apical hypoplasia typically presents with elongated right ventricle (RV) wrapping around a 

truncated and spherical LV with a deficient apex (the “banana-shape” of the RV). Here we report a case 

of a young boy with apparent LV apical hypoplasia that developed after birth; no “banana-shaped” RV 

was observed during the fetal period. Moreover, suprasystemic pulmonary hypertension (PH) developed 

even after a mitral valve replacement was performed for progressive mitral stenosis and regurgitation at 

14 months of age. He underwent surgery for the Potts shunt, a shunt between the pulmonary artery and 

aorta, at 13 years to secure systemic output. His PH ameliorated and his heart failure remained stable 

for 3 years after the operation. This case indicates that the “banana-shaped” RV seen in this condition 

is not always congenital but that it can form and develop after birth. Furthermore, this case supports 

the usefulness of the Potts shunt as a therapeutic option in patients with severe PH due to LV apical 

hypoplasia. 

< Learning objective: Left ventricular apical hypoplasia typically presents with elongated right ventricle 

wrapping around a truncated and spherical left ventricle with a deficient apex. However, this character- 

istic may not be always congenital and can also form and develop after birth. The Potts shunt, a shunt 

between the pulmonary artery and aorta, may be a therapeutic option in patients with severe pulmonary 

hypertension due to left ventricular apical hypoplasia. > 

© 2021 Published by Elsevier Ltd on behalf of Japanese College of Cardiology. 

I

t

2

n

t  

t

d  

c

t

i

g

r  

f

h

1

ntroduction 

Left ventricular (LV) apical hypoplasia is a subtype of restric- 

ive cardiomyopathy that has been recognized as a disease since 

004 [1] . Even though most reported pediatric and adult cases are 

ot severe [2] , some are accompanied by severe pulmonary hyper- 

ension (PH) [ 3 , 4 ], and fatal cases have also been reported [3] . Al-

hough LV apical hypoplasia as a disease entity is not yet fully un- 
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erstood, it is believed to be congenital [ 1 , 5 ]. Here we present a

ase with apparent LV apical hypoplasia that was followed since 

he fetal stage. This case demonstrates not only that the character- 

stic morphology of LV apical hypoplasia may not always be con- 

enital but also that it can form and progress after birth. We also 

eveal that the Potts shunt [ 6 , 7 ] may be a useful treatment option

or patients with severe PH. 

ase report 

Our case was a 17-year-old male who had his clinical course 

eported up to 4 years of age [8] . Fetal echocardiography indicated 
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Fig. 1. 

Formation and completion of the “banana-shape.”

( A ) During fetal development, there was only mild hypoplasia of the left-sided heart and no “banana-shape” of the right ventricle (RV). 

( B ) After birth, the size of the left side heart was normalized, but there was still no “banana-shape” of the RV. 

( C ) At 14 months of age, the extent of the left ventricle (LV) apex was shortened relative to the RV. The RV is surrounded by the left ventricular apex, revealing 

the typical “banana-shape” of the RV. 

(D) At 16 years age, the typical “banana-shape” of the RV progressed. 

(E) Magnetic resonance imaging at 14 years showed objective finding of the “banana-shape” of the RV and small LV. 

(Red arrows indicate the position of the apex of the RV). 

a

H

t

h

o

w

m

t

c

a

s

fi

t

t

s

z

p

e

v

s

o

s

v

v

p

t

t

f

g

s  

o

p

i

C

e

y  

c

i

p

a

d

t

s

t

 small left heart size during development ( Fig. 1 and Video A). 

e was born at 37 weeks gestational age. Echocardiography af- 

er birth ( Fig. 1 and Online Video B) ruled out hypoplastic left 

eart syndrome but did reveal premature closure of the foramen 

vale. PH after birth was ameliorated, and his hemodynamic state 

as almost normal at 8 months old. However, the boy showed 

itral valve thickening ( Fig. 1 and Online Video C), severe mi- 

ral valve stenosis, and regurgitation at 14 months, and he be- 

ame acutely symptomatic with suspected PH, as evidenced by 

 25 mmHg pulmonary regurgitation pressure gradient. He sub- 

equently underwent mitral valve replacement surgery. Operative 

ndings during mitral valve replacement indicated a hammock mi- 

ral valve with all of the chordae fused together [8] . Postopera- 

ively, his PH continued to progress to a suprasystemic level de- 

pite a well-functioning prosthetic mitral valve. Cardiac catheteri- 

ation at 2 years of age revealed suprasystemic PH with elevated 

ulmonary vascular resistance (20.3 U 

∗m 

2 ) and left ventricular 

nd-diastolic pressure (15 mmHg) ( Table 1 ). 

Despite continuing treatment with home oxygen, pulmonary 

asodilator, and other anti-heart failure therapies, he started to 

how hemoptysis from the age of 7 years. We performed a sec- 

nd cardiac catheterization at this stage that revealed worsened 

uprasystemic PH compared to the initial catheterization. Intra- 
162 
enous prostacyclin was not indicated because of his highly ele- 

ated left ventricular end-diastolic pressure despite a reduction in 

ulmonary resistance. We were unable to identify the etiology of 

his high left ventricular end-diastolic pressure. 

Because of the difficult situation regarding cardiopulmonary 

ransplantation in Japan, neither the boy nor his parents wished 

or him to undergo transplantation. Instead, they selected a sur- 

ical intervention using a Potts shunt (a shunt between the de- 

cending aorta and the left pulmonary artery [ 6 , 7 ]). At 13 years

ld, the Potts shunt procedure was performed using a 12-mm ex- 

anded polytetrafluoroethylene (ePTFE) graft with 5 mm of band- 

ng at the center, and re-mitral valve replacement (On-X, 23 mm, 

ryoLife, Kennesaw, GA, USA) was performed to relieve his wors- 

ned circulation and dyspnea. Cardiac catheterization performed 1 

ear after the Potts shunt at 14 years ( Table 1 ) showed ameliorated

irculation and decreased pulmonary resistance (to 11.0 U 

∗m 

2 ) by 

ncreased pulmonary flow and reduced mean pulmonary arterial 

ressure. His pulmonary arterial pressure was 119/49 (75) mmHg, 

nd his systemic arterial pressure was 86/57 (71) mmHg. Balloon 

ilation of the Potts shunt was subsequently performed to secure 

he patency of the shunt. Currently, more than 3 years have passed 

ince the last surgery, and he is now 17 years old. His suprasys- 

emic PH has improved such that it is now almost balanced with 
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is systemic circulation, as evidenced by low-velocity bilateral flow 

cross the Potts shunt and tricuspid regurgitation pressure gradi- 

nt. There were differences in percutaneous oxygen saturation be- 

ween the upper and lower extremities (95–98% and 80–92%, re- 

pectively) under oxygen administration through the nasal canula. 

is quality of life is maintained as he can walk short distances, eat 

ell, and enjoy his life. As a result of the highly elevated LV end- 

iastolic pressure, a round-shaped LV lacking its apex, and LV apex 

urrounded by enlarged right ventricle (RV), we recently came to 

he realization that his heart condition mimicked that of LV api- 

al hypoplasia ( Fig. 1 C–E and Online Videos C, D). Retrospective 

chocardiographic reviews of this patient revealed an LV apex sur- 

ounded by enlarged RV; the typical “banana-shape [2] ,” was not 

bserved in the fetal period but formed and developed after birth 

 Fig. 1 A–D and Online Videos A–D). 

iscussion 

The LV morphology and physiology of this pediatric case with 

evere PH mimic those of LV apical hypoplasia [ 1 , 3 , 4 ] despite some

ifferences. If we assume that this patient had LV apical hypopla- 

ia, this case provides four novel points to consider for the dis- 

ase: 1) This case was complicated by hammock mitral valves; 2) 

uprasystemic PH was ameliorated by a Potts shunt; 3) the char- 

cteristic “banana-shape” morphology seen in LV apical hypoplasia 

s not always congenital but can appear and develop after birth; 

nd 4) the characteristic properties of LV and markedly elevated 

ulmonary vascular resistance may be responsible for the uneven 

ncrease in the sizes of the RV and LV and the formation of the 

banana-shape.”

To the best of our knowledge, there have been no reported 

ases of LV apical hypoplasia complicated by a hammock mitral 

alve. In the current case, the PH progressed despite the fact that 

itral valve replacement was performed at 15 months of age. The 

atient’s PH was a combination of pulmonary arterial hyperten- 

ion and PH due to left heart disease (Groups 1 and 2 of the up-

ated classification, respectively). Previous reports have indicated 

hat most patients with LV apical hypoplasia have mild disease, 

nd some are even asymptomatic. In contrast, our search found 

hree reported cases outside Japan [ 3 , 4 ] and three cases in Japan

9] that had severe PH. In Japan, two of the three cases with LV 

pical hypoplasia underwent cardiopulmonary transplantation. The 

atient in our case and his parents did not consider cardiopul- 

onary transplantation as an option; instead, he received a Potts 

hunt and mitral valve re-replacement. His PH status changed from 

suprasystemic” to “almost balanced” after the Potts shunt, and his 

eneral status was maintained until the age of 17 years. Previous 

eports of Potts shunt use in PH patients have demonstrated its 

ffectiveness, as evidenced by prolongation of 6-min walks, dis- 

ontinuation of intravenous epoprostenol, reduced pulmonary va- 

odilator use, improvement in the New York Heart Association 

rade [10] , and reduced mortality [7] . We believe that the Potts 

hunt contributed to the improvement seen in the PH in this case 

nd that this clinical course supports the fact that a Potts shunt 

ay be an important therapeutic option for treating patients with 

evere and suprasystemic PH due to LV apical hypoplasia as well 

s due to other etiologies [7] . 

LV apical hypoplasia has previously been reported to have four 

linical features: 1) A truncated and spherical LV with abnormal di- 

stolic and systolic function, 2) invagination of fatty material into 

he myocardium of the defective LV apex, 3) origin of a complex 

apillary network in the antero-apical LV, and 4) an elongated RV 

rapping around the deficient LV apex [1] (“banana-shape”). Al- 

hough the current case lacks some of these features [points 2) and 

), in particular], it does present with the other features, which are 

ore likely to be specific for LV apical hypoplasia. Therefore, in 
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he future, it should be clarified whether the presence of all four 

eatures is truly mandatory for the diagnosis of LV apical hypopla- 

ia. In addition, we were able to obtain echocardiography informa- 

ion from the fetal stage, which showed us that the characteristic 

banana-shape” is not always congenital but can appear and de- 

elop after birth in patients with LV apical hypoplasia ( Fig. 1 A–D 

nd Online Videos A–D). Generally, the RV enlarges in response to 

ressure overload in patients with severe PH. Such changes may 

ontribute to form the “banana-shape” in some patients with se- 

ere PH and LV apical hypoplasia, as in this case. The lack of his-

ological examination of the myocardium or lung is a limitation 

f this report. More cases with long-term follow-up from the fe- 

al stage are needed to elucidate the exact nature and subgrouping 

f this disease. 
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