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Objective: Quadricuspid aortic valve (QAV) morphology is rare (0.008%) but often dysfunctional, manifesting
early or late in life. No large series have been evaluated. Current objectives are to characterize these patients, and
assess repair possibilities and outcomes.

Methods: From 1989 to 2010, a total of 19,722 patients underwent aortic valve surgery at Cleveland Clinic.
Thirty-one (0.0016%) patients had dysfunctional QAVand underwent repair or replacement for moderate to se-
vere aortic regurgitation (n ¼ 21), stenosis (n¼ 5), or both (n¼ 4). One additional patient with functional QAV
required excision of fibroelastoma. The mean age was 58 � 18 years. Ascending aortic diameter was �4 cm in
13 (42%) patients, and 7 required ascending repair (mean diameter: 4.8 � 0.4 cm). Three patients had anom-
alous origin of coronary artery, and 1 required repair.

Results: The aortic valve was repaired in 7 (23%) patients and replaced in 23 (73%). The decision of which
procedure to use was based on intraoperative findings. The Ross procedure was performed in 1 patient who
had endocarditis. Most patients in the repair group had leaflet prolapse that was repaired with accessory cusp
excision and commisuroplasty. The mean gradient after repair was 14 � 5 mm Hg. Bioprostheses were used
in all replacements; median valve size was 25 mm (range: 21-27 mm). No operative mortality occurred. One
patient suffered nonpermanent stroke after aortic valve replacement. There was no myocardial infarction, renal
failure, respiratory failure, or reoperation for bleeding. The median follow-up time was 38 months; 1 patient
required replacement 13 years after previous repair for recurrent regurgitation and stenosis.

Conclusions: Quadricuspid aortic valve dysfunction includes both regurgitation and stenosis; repair may be
feasible in some patients with regurgitation, but most require replacement. Aortic root and ascending dilatation
are frequent, and further studies are needed. (J Thorac Cardiovasc Surg 2015;150:79-82)

See related commentary on pages 82-3.

Quadricuspid aortic valve (QAV) morphology is rare. Au-
topsy studies have reported an incidence of 0.003% to
0.008%.1 Owing to improvements in techniques and more
access to diagnostic imaging, this pathology is now being
increasingly recognized.

Most cases are diagnosed incidentally, but some present
with complications, including aortic regurgitation and ste-
nosis, and require intervention. Prior studies have described
QAV morphology and natural history, but only a few have
reported outcomes after aortic valve repair or replacement
in these patients.1-9 The association of the bicuspid aortic

valve to QAV morphology is well known; by contrast,
the association between ascending aneurysm and QAV
morphology is less so.1-4 The objectives of this study
are to characterize patients with dysfunctional QAV and
assess repair possibilities and outcomes.

METHODS
Patients

From 1989 to 2010, a total of 19,722 patients underwent aortic valve sur-

gery at the Cleveland Clinic. Thirty-one patients (0.0016%) were identified

who had a quadricuspid aortic valve. Indications for these 31 patients included

moderate to severe aortic regurgitation (n¼ 21; 68%), aortic stenosis (n¼ 5;

16%) or both (n¼ 4; 13%). One patient had a normally functioning QAVand

presented with fibroelastoma lesions on the cusps. The mean ejection fraction

was 50% � 11%. In patients with regurgitation, the mean end diastolic left

ventricular size was 5.5� 1 cm. The mean age was 58 � 18 years.

The ascending aortic diameter was �4 cm in 13 (42%) patients; of

these, 7 required ascending aortic repair. The mean ascending aortic diam-

eter in patients who underwent ascending repair was 4.8 � 0.4 cm. An

anomalous origin of a coronary artery was discovered in 3 (10%) patients.

In 2 patients, the coronaries were partially obstructed by the commissure of

the fourth cusp, but this issue was addressed by valve repair. In the third

patient, the left main coronary artery arose from the noncoronary sinus

and was reimplanted as a button in the native position during root replace-

ment. The study was approved by the institutional review board at the

Cleveland Clinic, and the requirement for patient consent was waived. Pre-

operative patient characteristics are summarized in Table 1.
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Repair Methods
Of the 31 patients, the aortic valve was repaired in 7 (23%), but 23

(73%) underwent aortic valve replacement, including 1 patient with endo-

carditis, in whom a Ross procedure was performed. Another patient had fi-

broelastoma of the valve cusps and was treated with surgical excision of the

lesions, but did not undergo valve repair or replacement, because the QAV

was functioning well.

Fifteen patients required 24 additional concomitant procedures to treat

cardiac comorbidities. These included: ascending aortic replacement

(n ¼ 7), coronary bypass grafting (n ¼ 10), mitral valve repair (n ¼ 4),

maze procedure (n ¼ 1), and repair of anomalous coronary origin (n ¼ 1).

In addition, the latter patient had root aneurysm, and the coronaries were re-

implanted on the surgical graft as part of the root replacement procedure.

Surgical Techniques
Aortic valve repair. All 7 patients in this group had moderate to se-

vere aortic regurgitation at presentation; 1 had aortic stenosis in addition.

The choice of repair technique was guided by the intraoperative findings

and surgeon preference. Two types of QAV morphologies were noted on

intraoperative inspection. Patients had either 4 distinct cusps, with the addi-

tional leaflet being the accessory ‘‘4th cusp’’ that was the smallest in size

(n ¼ 4 of 7), or 3 cusps, including 1 conjoint cusp with a raphe (as seen

in patients with a bicuspid aortic valve) forming a larger cusp that was often

prolapsing (n ¼ 3 of 7) (Figure 1). In a few cases, 2 of the 4 cusps were

normal in size, but the other 2 were small, with a fused or incomplete

commissure. This situation resulted in improper coaptation of cusps, result-

ing in regurgitation, as described by Jeanmart and colleagues.10

Those who had 4 distinct cusps underwent ‘‘tricuspidization,’’ with

excision of the accessory cusp (n ¼ 4). Of the remaining 3 patients who

had a prolapsing conjoint cusp, 2 underwent repair with triangular resec-

tion. The other had a conjoint left and right coronary cusp and 2 small leaf-

lets in place of the noncoronary cusp. This patient underwent

‘‘bicuspidization’’ by plication of the raphe between the left and right cor-

onary cusps and closure of the commisure between the 2 noncoronary cusps

(Figure 1). In all cases, a commisuroplasty was performed with subcommi-

sural and/or supracommisural sutures.11

Aortic valve replacement. Most patients in this series underwent

aortic valve replacement (n ¼ 23; 73%), and the most common indication

was aortic regurgitation (n ¼ 15). A few presented with aortic stenosis

(n¼ 5) and 3 had both. On intraoperative inspection, patients with stenosis

had thickened, fibrosed, and calcified leaflets, with or without fusion,

whereas the mechanism of aortic insufficiency was poor coaptation and

degeneration of the leaflets. One patient had endocarditis. The surgical

approach was via sternotomy in all patients, and 3 were done as a mini inci-

sion. Bioprostheses were used in all patients, and the median valve size was

25 mm (range: 21-27 mm).

Outcomes and Statistics
Renal failurewasdefined as a need for hemodialysis; respiratory failurewas

defined as a need for reintubation or tracheostomy after surgery. Because the

total number of events was small, a descriptive analysis was performed. Cate-

goric variables are summarized by frequencies and percentages, and contin-

uous variables are summarized by median or mean� standard deviation.

RESULTS
The mean gradient after repair was 14 � 5 mm Hg. No

operative mortality occurred. One patient suffered a

nonpermanent stroke after aortic valve replacement. No in-
cidences occurred of myocardial infarction, renal failure,
respiratory failure, or reoperation for bleeding. The median
follow-up time was 40 months; it was>5 years in 31%.
Echocardiography-based follow-up evaluation was possible
for 26 (84%) of the patients; the median was 3 years. No
significant aortic growth was noted during this period.

In the repair group (n ¼ 7), 2 patients were lost to follow
up; themedian follow-up timewas 7.6years.Onepatient pre-
sented 13 years after the initial QAV repair, with recurrent
regurgitation and stenosis, and was treated with aortic valve
replacement. Of the remaining repair patients, 1 patient
developed moderate stenosis, and another developed moder-
ate regurgitation, as shown by echocardiography, and these
patients were put on a continued surveillance program.

Among those who underwent valve replacement, 2 pa-
tients developedmoderate stenosis that did not require reop-
eration as of this writing, and 1 patient suffered endocarditis
of the bioprosthesis. This patient underwent re-replacement
of the aortic valve, with a 22-mm homograft. The mean
follow-up prosthetic valve gradient was 15 � 7 mm Hg.

Overall, 6 late deaths occurred. Two patients died of end-
stage renal disease; 1 died as a result of complications of
liver cirrhosis; and the exact cause of death is unknown
for the other 3 patients.

DISCUSSION
Although patients with dysfunctional quadricuspid aortic

valve represent a minority among those with aortic valve dis-
ease, this morphology is being increasingly recognized, and
recent echocardiography studies have reported an incidence
of 0.01% to 0.04%.3,5 The incidence in our population of
surgical aortic valve cases was even lower than that
described in these studies, suggesting that this anomaly is
not always pathologic. This experience demonstrates
that QAV dysfunction most commonly presents with re-
gurgitation, but it can present with stenosis and is commonly
associated with ascending aneurysm. Aortic valve repair can
be attempted in select patients with regurgitation, but most
such patients require valve replacement.

The functional status of a quadricuspid aortic valve is
related to the morphology of the cusps and the extent of
degeneration. Even though these patients have had QAV
since birth, the valve did not become dysfunctional and/or
produce symptoms until later in life. In the current experi-
ence, the mean age at presentation was 58 � 18 years.
This finding is consistent with what has been reported in
prior studies and suggests that the asymmetry of the QAV
cusp size and shape is not severe enough initially to be
dysfunctional in most cases, but it may worsen and become
symptomatic owing to progressive degeneration.1-3 Patients
with prolapsing, conjoint larger cusps, and those with
smaller cusps resulting in poor coaptation, seem to be
particularly prone to degeneration.

Abbreviation and Acronym
QAV ¼ quadricuspid aortic valve
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