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Abstract
A 51-year-old woman was admitted to our hospital with heart failure due to aortic regurgitation. Examination showed severe aortic regurgitation mainly due to cleft-like deformity of the right coronary cusp and single coronary artery. Aortic valve replacement was performed, and the deformity was seen in all aortic cusps.
Histological study showed elongation of the leaflets by myofibrotic and fibrotic hyperplasia without calcification and inflammation in the aortic valve. This deformity likely arose from an acquired modification of a
congenitally malformed aortic valve.
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Introduction
Aortic regurgitation (AR) can arise due to abnormalities
in the aortic leaflets (e.g., infective endocarditis, congenital
bicuspid valve, rheumatic valve, floppy valve), the aortic
root and annulus (e.g., syphilis, Marfan’s dissection), or
both (e.g., ankylosing spondylitis), and from disease affecting neither the aorta nor the valve (e.g., ventricular septal
defect, systemic hypertension) (1-9). Abnormalities of the
aortic cusps leading to AR include congenital leaflet abnormalities, such as bicuspid, unicuspid, or quadricuspid valves,
or rupture of a congenitally fenestrated valve (9). The present report describes a case of cleft-like formation of the tricuspid aortic valve in a patient with AR and a left single
coronary artery.

Case Report
A 51-year-old woman was admitted to our hospital with
heart failure due to aortic regurgitation. She had no past history of rheumatic fever. Heart murmur was documented at
the age of 17, and she was diagnosed with asymptomatic

aortic regurgitation (Seller’s grade III) by aortography at our
hospital at the age of 22. Since then, she underwent routine
follow-up at our hospital every 3 months. She developed
chest discomfort at the age of 38, and a transthoracic echo
cardiography (TTE) showed a left ventricular ejection fraction (LVEF) of 74%, LV end-diastolic dimension (LVDD) of
54 mm, aortic dimension of 32 mm, and moderate AR. At
the age of 44, aortic valve replacement was recommended
due to New York Heart Association classification status II
with LVDD of 55 mm and moderate AR by TTE, but the
patient declined. Her cardiomegaly gradually progressed,
and she ultimately agreed to undergo aortic valve replacement at the age of 51.
On admission, physical examination revealed a height of
146 cm, a weight of 48.2 kg, blood pressure of 104/50
mmHg, and a regular pulse rate of 60 beats/min. A Levine
grade III diastolic murmur was heard at 3 left sternal border,
and a Levine grade II systolic murmur was heard at 2 right
sternal border, but the lung fields were clear to auscultation,
and she had no peripheral edema. Only mild cardiomegaly
was present on chest X-ray, and the electrocardiogram
(ECG) showed sinus rhythm and mild left ventricular hypertrophy on admission.
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edge, and 3) the non-coronary cusp had a wide depression
at the middle of the free edge (Fig. 3A).
Histological examination revealed: 1) aortic valves with
normal components (i.e., proximalis, spongiosa, and distalis)
(Fig. 3C), 2) fibrous thickening and elongation of the anatomical edge of these cusps except for the middle of the
anatomical edge of the cusps, which caused cleft-like formation (Fig. 3C, 4A), and 3), laminar formation of many myofibrocytes or myofibroblasts positive for α-smooth muscle
actin in the elongated area of the cusps (Fig. 4B), and several fibroblasts at the tip of the leaflet were positive for Ki
67, a cell proliferation marker (Fig. 4C).

A

N

L
R

B

Discussion

Figure 1. Transesophageal echocardiography showed that
the right coronary cusp with thickened free edge was mildly
hypoplastic and that there was a gap in the center of the aortic
valve orifice (A). Aortic regurgitant jet came from the central
space made by three coronary cusps (B). N: non-coronary
cusp, R: right coronary cusp, L: left coronary cusp

Laboratory testing showed a white blood cell count of
6,000/mm3, blood urea nitrogen of 6 mg/dL, creatinine of
0.5 mg/dL, aspartate aminotransferase of 23 IU/L, alanine
aminotransferase of 22 IU/L, lactate dehydrogenase of 276
IU/L, creatine kinase of 139 IU/L, and C-reactive protein of
0.03 mg/dL.
A TTE demonstrated a LVEF of 63%, LVDD of 59 mm,
aortic dimension of 33 mm, and severe AR with mild mitral
regurgitation. Transesophageal echocardiography showed
that the right coronary cusp (RCC) was mildly hypoplastic
and that the AR jet came from the central space made by
three coronary cusps (Fig. 1). Coronary angiogram (CAG)
showed a single coronary artery originating from the left
coronary cusp (LCC) and a right coronary artery branching
from the left ascending coronary artery and running to the
anterior wall of right ventricle (Fig. 2).
Aortic valve replacement was performed. The orifice of
the right coronary artery was not detected at operation. Macroscopic examination of the aortic valve revealed that the
aortic valve was tricuspid and that the right coronary cusp
was smaller than the other cusps. Further, all the cusps were
deformed: 1) a cleft-like formation was seen at the middle
of the free edge especially in the RCC, 2) the left coronary
cusp had a v-shaped depression at the middle of the free

One previous report describes a case of cleft of the aortic
valve (10), in which a cleft-like deformity was formed by
the fused portion of cusps in a patient with bicuspid aortic
valve. A congenital bicuspid aortic valve is present in about
1% to 2% of the population. Although it develops severe
AR, most patients with it develop severe aortic stenosis due
to calcification after 50 years of age (11). The present case
had a cleft-like formation of the tricuspid aortic valve because there was no fusion of the cusps confirmed by surgical and macroscopic inspection, and she had a single coronary artery. An isolated single coronary artery is a rare congenital anomaly, occurring in approximately 0.024% of the
population (12, 13), and approximately one-third of cases
with a single coronary artery have other cardiovascular
anomalies (14). There are five case reports of patients with a
single coronary artery and AR (15-19), and four of these
five cases had other congenital anomalies (i.e., bicuspid aortic valve, ventricular septal defect, or coronary aneurysms) (16-19). Although there was only one adult case report of a single coronary artery and AR without other congenital anomalies, the cause of AR was not determined or
described for that patient. Moreover, there have been no
published reports of a cleft-like aortic valve anomaly in a
patient with a single coronary artery in the absence of other
congenital anomalies.
In the present case, all three aortic leaflets were deformed
without calcification, and histologic evidence of inflammation was not present. This suggests that deformation of the
aortic valve was related to congenital malformation. Moreover, immunohistochemical staining showed that ongoing
proliferation of fibroblasts leading to elongation of the free
edge of the leaflet, resulted in a cleft-like formation. Taken
together, these observations suggest that this deformity
likely resulted from adaptive modification of a congenitally
malformed aortic valve.
The mechanism of elongation of the aortic valve is unclear. Previous studies suggested that dilatation of the aortic
root (20) or a non-compliant aortic root (21) can lead to enlargement or elongation of leaflets, which may render leaflets more susceptible to mechanical stress. Thus, aortic valve
enlargement or elongation may represent reactive compensa-
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Figure 2. Coronary angiogram showed a single coronary artery originating from the left coronary
cusp and a right coronary artery branching from the left ascending coronary artery and running to
the anterior wall of the right ventricle.
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Figure 3. (A) Gross appearance of the aortic valve removed at surgery. A cleft-like formation was
seen at the middle of the free edge especially in the right coronary cusp. The left coronary cusp had
a v-shaped depression at the middle of the free edge, and the non-coronary cusp had a wide depression at the middle of the free edge. (B and C) Histological examination revealed that the edges of the
aortic leaflet at both sides (1 and 3), but not the center of the aortic leaflet, were thickened and elongated by fibrotic hyperplasia (2) and that aortic valves had normal components i.e., proximalis,
spongiosa, and distalis (Hematoxylin and Eosin staining ×2, Weigert Van Gieson stain ×2).

tions in an effort to maintain cusp coaptation for the prevention of aortic regurgitation. Although the present case did
not have significant aortic root dilatation, the smaller right

coronary cusp (relative to other cusps) combined with congenital deformity of aortic valves resulted in a gap in the
center of aortic valve when the aortic valve was in the
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Figure 4. Fibrous thickening and elongation of the anatomical edge of these cusps, except for the
middle of the anatomical edge of the cusps, was seen (A, Hematoxylin and Eosin staining ×20), and
laminar formation of many myofibrocytes or myofibroblasts positive for α-smooth muscle actin was
seen in the elongated area of cusps (B, ×40). Several fibroblasts at the tip of leaflet were positive for
Ki67, a cell proliferation marker (C, ×100).

closed position. Thus, these situations may induce mechanical stress, thereby producing aortic valve elongation. This
reactive compensation may be related to the slow progression of AR in the present case because AR severity and
LVDD did not change for about 30 years. In the present
case, the center of the leaflet did not elongate, and there was
a fibrous thickened nodule (“Arantius nodule”) in the center
of the free edge of the normal aortic leaflet. Thus, an Arantius nodule may have prevented elongation of the edge of
the aortic leaflet in the present case.
In conclusion, the presence of tricuspid aortic valve malformation as well as other congenital anomalies should be
considered in patients with a single coronary artery and aortic regurgitation.
The authors state that they have no Conflict of Interest (COI).
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