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Unicuspid aortic valve (UAV) is a rare malformation that is often difficult to distinguish
from a bicuspid aortic valve (BAV) with commissural fusion by echocardiography or
intraoperative surgical inspection. This study assessed the accuracy of intraoperative sur-
gical inspection and two-dimensional echocardiography in diagnosing UAV compared to
a gold standard of pathological diagnosis. The Mayo Clinic echocardiographic database,
tissue registry database and electronic medical record were searched for all patients
assigned a diagnosis of UAV by any technique. Transthoracic (TTE), transesophageal
(TEE) echocardiographic, and surgical diagnoses were compared to pathological diagno-
sis as the standard. A clinical diagnosis of UAV was applied to 380 patients by 1 or more
method and in 196 (52%) a pathologic evaluation was available to compare to the clinical
description given by TTE, TEE, or surgical inspection. Of these 196 patients, only 58
(30%) had a pathological diagnosis of UAV; the majority were found to be BAVs by path-
ologic evaluation (n = 132, 67%). For diagnosing UAV, the sensitivity and specificity were
15% and 87% for TTE, 28%, and 82% for TEE, and 52% and 51% for surgical inspec-
tion, respectively. Valves with bicuspid morphology and extensive commissural fusion
were frequently misclassified as UAV by all methods. In conclusion, intraoperative surgi-
cal inspection and echocardiography have limitations for diagnosing UAV due to difficul-
ties in accurately assigning a correct morphological diagnosis, which suggests that the
current understanding of the natural history of UAV may be inaccurate. © 2018 Elsev-
ier Inc. All rights reserved. (Am J Cardiol 2019;123:967−971)
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Unicuspid or unicommissural aortic valve (UAV) is a
rare form of aortic valvular stenosis with an estimated
incidence of 0.02%.1,2 Given the rare nature of the
malformation, much is unknown regarding the optimal
diagnostic method. In fact, diagnosis of UAV is often
extremely challenging without careful pathological
inspection due to the difficulty in distinguishing a true
congenital UAV from a bicuspid aortic valve (BAV)
with acquired extensive commissural fusion.3−5 No study
has ever been performed to determine the concordance of
intraoperative surgical inspection or echocardiography in
diagnosis of UAV based on the accepted pathological
criteria that define a UAV. Despite this, nearly all studies
evaluating the natural history, echocardiographic fea-
tures, treatment, and prognosis of UAV have utilized
intraoperative surgical inspection as their gold standard
UAV definition.2,6−8 The aim of this study was to deter-
mine the concordance of intraoperative surgical inspec-
tion, transesophageal (TEE), and transthoracic (TTE)
echocardiography in diagnosing UAV when compared to
pathologically confirmed UAV.
Methods

This study was approved by the Mayo Clinic Institutional
Review Board. The echocardiography and tissue registry
databases at Mayo Clinic were queried for all patients seen
in June 29, 1978 to July 6, 2016 with a diagnosis of UAV
given by any of the following methods; gross pathologic
examination, intraoperative surgical inspection, TTE or,
TEE. A free-text search of the entire Mayo Clinic electronic
medical record for UAV was also performed. Echocardio-
graphic images were attained in June 1996 to July 2016. If
UAV was diagnosed by 1 modality, all other diagnostic
modalities were evaluated and included regardless of
whether UAV was present. All patients with indeterminate
diagnostic studies or patients without at least 1 TTE, TEE,
or, intraoperative surgical inspection diagnosis that could be
compared to a pathological diagnosis were excluded. TTE,
TEE, and intraoperative surgical diagnosis were compared to
pathological diagnosis as the gold standard.

From echocardiographic short-axis images (interpreted
by an experienced staff cardiologist at the time of the
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study), a UAV was diagnosed if it had an eccentric valvular
orifice, a single commissure, or the absence of a commis-
sural attachment to the lateral aortic wall (Figure 1).1,3 As
no uniform surgical UAV diagnostic criteria exist, surgical
UAV diagnosis was based on the opinion of the individual
surgeon during the procedure.

Pathology diagnosis (rendered by a cardiovascular
pathologist) of UAV at time of aortic valve replacement
was defined as the presence of congenital (not acquired)
fusion of at least 2 commissures if 2 of the following crite-
ria were met: (1) an obtuse angle between the fused cusps
at the commissure; (2) absent cleavage plane between cusps
at the point of fusion; and (3) presence of a raphe at the
fused commissures (Figures 1 and 2).9−12

Data are summarized using diagnostic statistics with
their corresponding 95% confidence limits calculated based
on the binomial distribution. Analyses were done using
SAS Version 9.4 (Cary, NC).
Figure 2. Gross photograph of a surgically resected UAV (aortic surface)

demonstrating distinguishing features of a true congenital UAV. A single

definitive raphe is evident (white arrow) among the nodular calcification

and fibrotic thickening of the valve.

UAV = unicuspid aortic valve.
Results

Diagnosis of UAV was given on at least one occasion in
380 patients by 1 or more diagnostic methods; including
TTE, TEE, intraoperative surgical inspection, and pathologi-
cal inspection. Of those 380, 196 (52%) patients had a patho-
logical diagnosis that could be compared to 1 or more of
these clinical diagnostic modalities. In these 196 patients,
only 58 (30%) had a pathological diagnosis of UAV. By
pathology, BAV was present in 132 (67%), TAV in 5 (3%),
and QAV in 1 (0.005%).

Echocardiographic and surgical inspection diagnostic sta-
tistics (as compared to pathological examination as the gold
standard) are summarized in Tables 1 and 2. Surgical inspec-
tion most frequently correctly assigned a UAV diagnosis to
Figure 1. TTE parasternal short-axis views demonstrate the differences between

(B). BAV with acquired commissural fusion tend to have an ovoid effective orifice

ing systolic ejection (A, dotted line). True congenital UAVs will typically have an

zone of attachment to the aortic wall. These combine to form a broad, obtuse angle

BAV = bicuspid aortic valve; TTE = transthoracic echocardiography; UAV = unicu
pathologically confirmed UAVs (52%) compared to TTE
(15%) and TEE (28%). Similarly, surgical inspection most
frequently incorrectly assigned a UAV diagnosis to patho-
logically confirmed non-UAVs (i.e., bi-, tri-, or quadricuspid
a BAV with acquired commissural fusion (A) and a true congenital UAV

and form an acute angle at the point of commissural fusion when open dur-

eccentric and somewhat rounded valvular orifice with a single commissural

at the site of congenital commissural fusion (B, dotted line).

spid aortic valve.
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Table 1.

Results of each method compared to pathology for detecting unicuspid aortic valve*

Surgery

(n = 172)

Age, mean

(years)

Transesophageal

echo (n = 129)

Age, mean

(years)

Transthoracic

echo (n = 81)

Age, mean

(years)

True Positive 25 39 10 38 4 33

True Negative 63 40 76 40 47 43

False Positive 61 44 17 42 7 37

False Negative 23 37 26 39 23 34

Surgery

(n = 172)

95% confidence

interval

Transesophageal

echo (n = 129)

95% confidence

interval

Transthoracic

echo (n = 81)

95% confidence

interval

Sensitivity 52% 37%−66% 28% 15%−45% 15% 4%−34%
Specificity 51% 42%−60% 82% 72%−89% 87% 75%−95%
Positive Predictive Value 29% 20%−40% 37% 20%−58% 36% 11%−69%
Negative Predictive Value 73% 62%−82% 75% 65%−82% 67% 55%−78%

*All descriptive statistics compared with gross pathological diagnosis

Valvular Heart Disease/Diagnostic Accuracy for UAV 969
valves; 49%) compared to TTE (13%) and TEE (18%).
Across all modalities, 99% of incorrectly assigned UAV
diagnoses were pathologically confirmed BAVs with
acquired commissural fusion, and 1 (1%) was a patholog-
ically confirmed TAV.

Similarly, 23/23 (100%), 25/26 (96%), and 22/23 (96%)
patients were incorrectly assigned a BAV diagnoses by
TTE, TEE, and intraoperative surgical, respectively, but in
fact had a pathologically confirmed UAV. Additionally, 1/
26 (4%) and 1/23 (4%) of TEE and surgical cases, respec-
tively, incorrectly assigned a TAV diagnosis to patholog-
ically confirmed UAVs. Ages for all correctly and
incorrectly assigned UAV and non-UAV diagnoses across
all modalities are summarized in Tables 1 and 2.
Discussion

UAV is a rare malformation that presents diagnostic dif-
ficulties. The poor diagnostic accuracy of echocardiogra-
phy and intraoperative surgical diagnosis demonstrated
in our study highlights the challenges involved in distin-
guishing true congenital UAVs from BAVs with acquired
commissural fusion. Moreover, our study suggests that
much of the literature regarding the natural history, com-
plications, treatments, and prognosis of UAV is likely
flawed owing to the inherent limitations of previous stud-
ie’s definition of UAV.
Table 2.

Diagnostic accuracy of surgery, transthoracic echocardiography, and transesophag

Pathologically diagnosed unicuspid aortic valve Total (n = 58) P

Surgical inspection S

Correct unicuspid aortic valve diagnosisy 25/48 (52%)

Age, mean (years) 39

Transthoracic echo T

Correct unicuspid aortic valve diagnosisz 4/27 (15%)

Age, mean (years) 33

Transesophageal echo T

Correct unicuspid aortic valve diagnosisx 10/36 (28%)

Age, mean (years) 38

*Nonunicuspid aortic valve refers to 132 bicuspid aortic valves, 5 tricuspid aort
ySurgical diagnosis available for 48/58 pathologically diagnosed s and 124/138
zTransthoracic echocardiography diagnosis was available for 27/58 pathological
xTransesophageal echocardiography diagnosis was available for 36/58 pathologic
We found that both TTE and TEE had poor sensitivity
(15% and 28%, respectively), but better specificity (87%
and 82%, respectively) for recognizing the presence of
UAV. Our results differ from a previous smaller study by
Chu et al13 which reported poor diagnostic accuracy for
TTE in diagnosing UAV (27% and 50% sensitivity and
specificity, respectively) and a better diagnostic accuracy
for TEE (75% and 86% sensitivity and specificity, respec-
tively). Similarly, Noly et al6 reported a 14% accuracy rate
for preoperative aortic valve determination with TTE and
69% with TEE. Our results may differ from previous litera-
ture because we included both older echocardiographic
images and older patients with inferior acoustic windows.
However, the limitations of surgical identification of UAV
seen in our study likely apply to previous studies (most of
which defined UAV surgically) and as a result, may account
for some of the differences seen in our results when com-
pared to previous literature.2,6−8

Our study also showed surgical inspection more fre-
quently correctly identified a UAV (higher sensitivity), but
also had a higher rate of incorrect UAV diagnoses (lower
specificity) relative to echocardiography. The fewer incor-
rect UAV diagnoses by echocardiography may be because
echocardiography allows identification of UAV features “in
motion” (i.e., the angle of commissural fusion in systole
and whether the commissure opens past the midpoint of
coaptation [Figure 1]). In addition, echocardiographic
eal echocardiography for unicuspid aortic valve

athologically diagnosed nonunicupsid aortic valve* Total (n = 138)

urgical inspection

Incorrect unicuspid aortic valve diagnosisy 61/124 (49%)

Age, mean (years) 44

ransthoracic echo

Incorrect unicuspid aortic valve diagnosisz 7/54 (13%)

Age, mean (years) 37

ransesophageal echo

Incorrect unicuspid aortic valve diagnosisx 17/93 (18%)

Age, mean (years) 42

ic valves, and 1 quadricuspid aortic valve pathological diagnoses

nonunicuspid aortic valves

ly diagnosed unicuspid aortic valves and 54/138 non-UAVs

ally diagnosed unicuspid aortic valves and 93/138 nonunicuspid aortic valves
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analysis does not face the time constraints inherent to surgi-
cal replacement of a valve.

The lack of diagnostic accuracy demonstrated in this
study is most likely due to the difficulty in distinguishing a
true congenital UAV from an acquired, calcified commis-
sural fusion of a BAV (i.e., a "functional" UAV) both surgi-
cally and echocardiographically.1,3−5,9−10 Indeed, patients
with incorrectly assigned UAV diagnoses by surgery, TTE
and TEE in our study were older than those patients with
correctly assigned UAV diagnoses (Tables 1 and 2). The
older age in our patients with incorrect UAV diagnoses
likely allowed for acquired, calcified fusion of their true
congenital BAVs making them more difficult to distinguish
from true congenital UAVs. Given this diagnostic diffi-
culty, it also seems likely that accidental inclusion of
BAVs, misclassified as UAVs, in prior studies has contrib-
uted at least some inaccuracy to our understanding of
UAV. Others have similarly shown that UAVs are often
mistaken as BAVs intraoperatively.14−15

Previously, the only feasible management of UAV was
aortic valve replacement. However, UAV-specific trans-
catheter and surgical repair methods that are distinct from
those used in BAVs are now established and require preop-
erative echocardiographic UAV diagnosis and anatomic
evaluation.16−18,19−21 UAV also tends to present earlier
and with more frequent aortopathy than BAV.2,7,22 Thus,
earlier and more accurate echocardiographic UAV diagno-
sis may improve survival and decrease need for future
aortic valve and ascending aorta replacement by allowing
further development and earlier implementation of these
repair techniques.

Future studies should be aimed at developing accurate
echocardiographic and surgical diagnostic criteria for UAV
with a pathological gold standard diagnosis given the
important role of echocardiography and surgery in manage-
ment. Previously tested echocardiographic UAV features
have included a single commissural zone of attachment, a
rounded leaflet-free edge on opposite side of the commis-
sural attachment zone, and eccentric valvular orifice during
systole.8 Although these echocardiographic features corre-
lated with surgically diagnosed UAV8 (which we have
shown may itself be an inaccurate diagnostic method), a
reasonable approach may be to evaluate if these features
identified by echocardiography or surgery correlate with
pathologically diagnosed UAV. Other reasonable echocar-
diographic and surgical features for future investigations
include an obtuse angle between fused commissures, pres-
ence of cleavage plane on the ventricular aspect of the
fusion, presence of a raphe, and calcification pattern.

Our study was limited by a small study population owing
to the relative rarity of UAV. Additionally, because of the
requirement for pathologic diagnosis, our study only
included patients with relatively isolated valvular disease
which was severe enough to be referred for surgical valve
replacement. This unavoidably led to a selection bias which
may make these results less generalizable. Last, our study
included older echocardiographic images (starting from
1996), which may have reduced the diagnostic accuracy of
echocardiography for UAV.

In conclusion, the limited surgical and echocardiographic
diagnostic accuracy demonstrated in this study suggests that
the current understanding of the natural history of UAV may
be inaccurate due to difficulties in distinguishing UAV from
BAV. Accordingly, future studies should be aimed at assess-
ing the natural history of pathologically diagnosed UAVs to
improve our understanding of the disease.
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