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Review

Quadricuspid Aortic Valves
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Summary: Quadricuspid aortic valves (QAV) arearare but
well recognized cause of significant aortic regurgitation. The
first case wasfound reported in 1862. Since then there have
been 110 reported cases of QAV and wereport 4 more. Pre-
vioudy, these were diagnosed at thetime of surgery or post-
mortem examination. With advances in echocardiography,
including harmonic imaging, and also the advent of trans-
esophagea echocardiography, more cases are being diag-
nosed prior to surgery. Wedescribefour more cases, threedi-
agnosed preoperatively and one at the time of surgery, and
then review the previoudly reported cases. Of the 114 cases
reported, 46 had the aortic valvereplaced, most commonly in
the 5th and 6th decade of life. Hurwitz and Roberts classified
quadricuspid valves according to the size of the ledflets. It
has previously been believed that QAV's with four equal
sized leafletswerelesslikely to devel op significant aortic re-
gurgitation; however, on review of the available cases, this
would not appear to bethe case. The preoperative diagnosis
of QAVsisimportant asthey can be associated with abnor-
mally placed coronary ostium. Of the 114 cases reported,
there are 10 reports of abnormally placed ostia. There has
been at | east onereported case of death occurring because of
obstruction of an abnormally placed right coronary ostium
by aprosthetic aortic valve.
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Introduction

Quadricuspid aortic valves are rare and most cases histori-
caly have been discovered incidentally at surgery or postmor-
tem examination. With advances in echocardiography, more
cases are now being discovered antemortem. We report four
cases, three diagnosed during echocardi ographic examination
and one found unexpectedly during aortic valve replacement.
Wereview the availableliterature and discussthe embryol ogy,
diagnosis, associated conditions, management, and correlation
between morphology of the QAV anditsfunction.

CaseReport No. 1

A 54-year-old man was noted to have an g ection systolic
murmur and hypertension at a routine medical examination
and wasreferred for assessment.

On examination his blood pressure was 160/100 mmHg
and auscultation reveal ed a 3/6 g ection systolic murmur and
al/6 early diastolic murmur. A transthoracic echocardiogram
(TTE) showed a dimensionaly normal left ventricle with
good function. The aortic va ve appeared abnormal and pos-
sibly quadricuspid. There was amild eccentric jet of aortic
regurgitation. A transesophagesal echocardiogram (TEE) was
performed, which confirmed aquadricuspid aortic velvewith
four equal cusps visible on both the diastolic and systolic
frames(Figs. 1 and 2). Therewasmild central aortic regurgi-
tation but no significant aortic valve gradient.

Thepatient’ shypertenson wastreated and hewasgiven ad-
viceregarding endocarditis prophylaxis.

CaseReport No. 2

A 26-year-old manwasfirst noted to have significant aortic
regurgitationin 1988. Repeat TTE showed anormal left ven-
tricleand significant aortic regurgitation but did not visualize
the number of valvelesflets. In 2000, the aortic valve wasbe-
lieved to be quadricuspid on TTE, and TEE was performed.
Thisconfirmed thefindings of aquadricuspid valvewith four
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Fic.1 Sysolictransesophaged echocardiographicview of quadri-
cuspid aorticvalvein CaseNo. 1.

equal |eaflets, with moderate aortic regurgitation with central
failureto co-apt. Theleft ventriclewas normal and the aortic
root was normal . He continuesto be managed medicaly.

CaseReport No. 3

A 72-year-old man with aortic regurgitation and chest pain
underwent coronary angiography. Transthoracic echocardiog-
raphy showed moderately severe aortic regurgitation but had
not visualized the cuspswell. The coronary arterieswerenor-
mal, and therewasmoderately severeaortic regurgitation with
mildly impaired | eft ventricular function. He underwent elec-
tiveaortic valve replacement and a surgery thevalvewasnot-
ed to bequadricuspid.

Ca=Report No.4

A 27-year-old man was referred with a 1-week history of
dyspnea and intermittent palpitations. His resting 12-lead
€l ectrocardiogram showed voltage criteriafor left ventricular
hypertrophy. Clinical examination was unremarkable. Trans-
thoracic echocardiography showed a QAV with four equal
cusps, normal left ventricular dimensionsand function, trivial
central aortic regurgitation, and adso mild pulmonary regurgi-
tation. Heiscurrently under routinemedical review.

Incidenceof Quadricuspid Aortic Valves

The bicuspid aortic valveisthe most common aortic valve
abnormality, occurring in approximately 2% of the popu-
lation.! The next most frequent abnormality isthe unicuspid
aortic valve.2 The truncd valve of truncus arteriosus is fre-
quently quadricuspid?® and will not be discussed further. The

Fic.2 Diastolictransesophaged echocardiographicview of quadri-
cuspid aortic valvein CaseNo. 1.

QAV is very rare. Simonds* failed to identify any cases of
QAV in hisown series of 6,252 autopsies, but in apooled se-
ries of 25,666 autopsies he found 2 cases, an incidence of
0.008%. However, itislikely that QAV smay be overlooked if
not specifically looked for. In one pathol ogic seriesevaluating
theincidence of quadricuspid pulmonary valves, Six caseshad
been overlooked at the original autopsy.> Thiswould suggest
that Simonds' autopsy incidence of QAV'sis probably an un-
derestimate. Feldman et al .8 found adightly higher echocar-
diographicincidence of 0.043%in 13,805 echocardiograms.
Olson et al. observed anincidence of 1% of quadricuspid aor-
tic valves on review of 225 patients undergoing surgery for
pureaorticinsufficiency.” In contrast, Turri et al Bfailed tofind
acase of QAV on examination of 602 surgica specimens of
aortic valves. Quadricuspid pulmonary vaves are nine times
more common than aortic valves.> Therearea sothreereports
of quinticuspid aortic valves* 9 10 To date, we were able to
find 110 other cases of QAV in the literature. Of the cases
reported, therewasadight male predominance, withamaleto
female ratio of 1.6:1; this is similar to the distribution of
quadricuspid pulmonary valves.

Embryology

During Week 5 of normal embryogenesis, two mesenchy-
mal ridgesform inthe cephaad portion of thetruncusarterio-
sus. These truncoconal ridges fuse and descend in a spird
fashioninto the ventriclesforming the aorti copulmonary sep-
tum. At thejunction of the conusand truncus, each semilunar
vave is formed from three mesenchymal swellings. These
swellingsgrow to form triangul ar-shaped valves. Theseloose
swellingswith their covering endothelium become excavated
ontheir distal aspect toformthecusps. Thisprocessiswell ad-
vanced by Week 6 and virtually complete by Week 9. Theem-
bryology of quadricuspid aortic valvesremainsunknown.
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A variety of mechanisms have been suggested. Thesehave
included anomal ous septation of the conotruncus,* 11 12 excar
vation of one of the valve cushions,* and septation of anor-
mal valve cushion as aresult of an inflammatory episode.3
Studies have suggested that QAV's may result from the divi-
sion of oneof thethreemesenchymd ridgesthat normdly give
riseto three aortic valve cushions.1# 15 They d so demonstrat-
ed, a least in Syrian hamsters, that the division of the valve
cushion starts at avery early stage of valve formation, when
the conotruncal ridgesbegintofuse.

Development of the aortic valvelegflets occurstemporaly
just after development of the coronary artery originsfromthe
sinusesof Valsalva. One could speculatethat asingledevel op-
mental abnormality might resultin avariety of abnormalities
intheaortic root. Embryologica studieshave shownthat pos-
tion of the proximal coronary arteries is dependent upon
where the coronary arteries grow into, rather than out of the
aorta. 11t is possible that these two groups of anomaly may
therefore be embryologically related.

True QAVs must be distinguished from pseudo-QAVsre-
sulting form bacterial endocarditis or rheumatic fever. To be
considered atruly congenital malformation caused by abnor-
ma embryogenesis, themalformation should contain acorpus
Arantii on each cusp.1t

Diagnosis

Thefirst casewasreported by Balington” in 1862. Quadi-
cuspid aortic valves used to be diagnosed at autopsy or during
aorticvalvesurgery. Thefirst casediagnosed at aortography in
the |ft anterior oblicque view was reported by Peretz et al .11
The advent of echocardiography has enhanced our ability to
diagnosethiscondition; however, it may not be possibleto vi-
sualize the eortic | esflets adequately with TTE. Preoperative
diagnosishas become frequent with theadvent of TEE. Using
the transesophageal approach, ahigher frequency transducer
isused, and it isin closer proximity to the heart. Thereisno
lung or chest wall tissue interposed between the transducer
and the heart. | dentification appears easier in the presence of
four cusps of equal size. On the short axis view of the aortic
vavein diastole, the commissural linesformed by the adja

Fic.3 Sevendescribed anatomic variationsof quadricuspid valves.
Reprinted from Ref. No. 12 with permission. A = four equal cusps;
B =threeequd cusps, onesmaller cusp; C =two equal larger cusps,
two equal smaller cusps; D = onelarge, two intermediate, onesmall
cusp; E = three equal cusps, one larger cusp; F = two equd larger
cusps, two unequal smaller cusps; G = four unequal cusps.

cent cuspsresultinan“ X" configuration rather than the*Y”
of thenormal tricuspid aortic valve. Although the echocardio-
graphicfindingsmight suggest thesize of thelesflets, they do
not always correlate with the surgical findings. Transesoph-
ageal echocardiography has aso demonstrated displacement
of coronary ostium.18 Recently, cinemagnetic resonanceima-
ging has also been used for diagnosis!® of aQAV. Of the 114
casesreported, 50 have been diagnosed by either TTE or TEE.

Anatomic Variations

Hurwitz and Roberts!2 described the seven most common
anatomic variationsof quadricuspid semilunar valves(Fig. 3),
depending onthe size of the valve legflets. Of the 97 casesin
which comment of the size of the various lesflets has been
made, thedigtribution of typesisasin Tablel. Over 85% of the
reports are of type A, B, or C, that is, valves with four equal

TaBLE | Vavular function and patient age according to val ve classification of quadricuspid vave

Valve % of Normal Average AR, no Average AR, Average Function
type Number tota function age operation age operation age unknown

A 31 32 4 41 12 52 12 56 3

B 40 41 13 44 7 51 17 56 3

C 14 15 2 23 0 — 10 55 2

D 3 3 0 — 2 52 1 67 0

E 2 2 0 — 0 — 0 — 2

F 2 2 0 — 0 — 2 41 0

G 5 5 1 82 0 — 4 59 0

Abbreviation: AR = aorticregurgitation.
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cusps, three equal cusps with one smaller cusp, or two egual
larger and two equal smaller cusps, respectively. As men-
tioned above, the echocardiographic findings may not aways
corrdlatewith the surgica findings.

Function

Vavular regurgitation usualy develops due to fibrous
thickening with incompl ete coaptation. With theunequd dis-
tribution of stress and abnormal leaflet coaptation, aortic re-
gurgitation may occur. Aortic regurgitationisnot often seenin
young patientswith QAV's. Aortic stenosismay be present but
israre. Of the casesreported, inwhich afunctiona assessment
has been made, 73 had pure aortic regurgitation, 28 werenor-
mal, and in 7 casestherewas evidence of mixed valvular dys-
function; in no casewasthere pureaortic tenoss.

It has previoudy been believed that valveswith four equal
leeflets, thatis, type A, weremorelikely tofunction normdly.
In28 of the 114 casesreported, the QAV wasfunctioning nor-
mally. Of these, only 3weretype A and 13 weretypeB. As
shown in Table |, of the 30 type A QAV's reported, 3 func-
tioned normally (average age 41), 24 had significant regurgi-
tation (average age 52), and 12 had required valve replace-
ment due to regurgitation (average age 56). Compared with
the other maingroup, type B, thereisno significant difference
in the average ages, but there are more normally functioning
valves in the type B group. This would suggest that in fact
QAVswithfour equal lesfletsare not morelikely to function
normally than do QAV's with unequal |eaflets sizes, as was
originaly believed. Also, it appears that vavular function
tends to deteriorate in adult life, often requiring surgery
around the sixth decade. Of the 114 casesreported, 46 under-
went valvereplacement.

Therisk of endocarditisisnot clear. Some experts® believe
therisk islow with valveswithfour equal cuspsbecause of the
lack of asymmetry or flow disturbance. There have been doc-
umented casesof endocarditisaffecting aQAV.20.21.22

Associated Abnor malities

Anomalies of coronary artery origin and distribution rep-
resent < 1% of al congenital heart lesions.23 From the point of
view of the surgeon, it isimportant to be aware of any dis-
placement of the coronary ostium to prevent ostial obstruc-
tion during fixing of the prosthetic ring. Obstruction of the
coronary ostium by a prosthetic aortic valve has resulted
in the death of a patient.2* In 10 cases of QAV, abnormally
placed coronary ostia have been found, 6 involving theright
coronary artery and 4 theleft. There hasal so been one case of
asingle coronary ostium.?> Sudden death has been caused by
completeisolation of theleft coronary artery by an adherent
cusp of aQAV.%6

Quadricuspid aortic valves have been reported in associa
tion with other cardiac abnormalities, including nonobstruc-
tive cardiomyopathy,2” pulmonary valve stenosis, 28 ventricu-

lar septal defect,12 fibromuscular subaortic stenosis,?® and
supravalvular senosiswithleft coronary artery atresia®

Fenestrations of the aortic cuspsin QAV are not regarded
as congenital abnormalities, since increasing frequency of
fenestration is seen with advancing age. Quadricuspid aortic
valve hasa so been reported in association with Ehlers-Dan-
lossyndrome.3t

M anagement

Although the QAV isa congenital anomaly, regurgitation
does not occur until adulthood. Therefore, if a quadricuspid
vaveisfound on echocardiography, follow-up assessment is
required as progressto severeregurgitation isto be expected.
Valves with four equal lesflets are not less likely to develop
significant aortic regurgitation. The average age reported for
valvereplacement is54 yearsin the 46 casesof QAV operated
on. However, the youngest patient undergoing valvular repair
for a quadricuspid valve with significant regurgitation was
only 5yearsold.®°

Aortic valve replacement for a QAV was performed as
early as 19693 and is generally the treatment of choice for
severe valvular regurgitation. In one case, aQAV was con-
verted into atricuspid valve by anastomosing the commis-
sures of the right coronary and supranumery cusps, hence
restoring coaptation.2

There are at least three confirmed cases of endocarditis
affecting a QAV, and therefore endocarditis prophylaxisis
advised.

Conclusion

Although an uncommon lesion, QAV s are a cause of Sig-
nificant aortic regurgitation, often requiring aortic valve re-
placement in the fifth and sixth decades. Previoudly it had
been believed that QAV swith four equal cuspswerelesslike-
ly to require valve replacement, although that would appear to
not bethe case. Thereisarisk of infective endocarditiswith
QAV s, and patients should thus take prophylactic antibiotics
for dental proceduresand “ dirty surgery.”

Inyoung patientswho areinvestigated for aortic regurgita-
tion, inwhom TTE hasfailed toidentify the number of valve
lecflets, it may be advisable to perform a transesophaged
echocardiogram. If thisdemonstratesa QAV, then the patient
should be reviewed because of the common requirement for
valvereplacement inlater life. If aQAV isfound incidentally
at thetime of echocardiography for other reasons, then contin-
ued follow-up isrecommended. Surgeons should be avare of
the possibility of abnormally placed coronary ogtiathat occurs
inabout 10% of casesso asnot to occludetheogtiaby the pros-
thetic valve a thetime of valve replacement.
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