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Abstract

Background—Unicuspid aortic valve is an important subset of bicuspid aortic valve, and 

knowledge regarding its aortopathy pattern and surgical outcomes is limited. Our objectives were 

to characterize unicuspid aortic valve patients, associated aortopathy, and surgical outcomes.

Methods—From January 1990 to May 2013, 149 adult unicuspid aortic valve patients underwent 

aortic valve replacement or repair for aortic stenosis (n = 13), regurgitation (n = 13), or both (n = 

123), and in 91 (61%) the aortic valve operation was combined with aortic repair. Data were 

obtained from the Cardiovascular Information Registry and medical record review. Three-

dimensional imaging analysis was performed from preoperative computed tomography and 

magnetic resonance imaging scans. The Kaplan-Meier method was used for survival analysis.

Results—Patients had a mean maximum aortic diameter of 44 ± 8 mm and variably involved the 

aortic root, ascending, or arch, or both. Patients with valve operations alone were more likely to be 

hypertensive (p = 0.01) and to have severe aortic stenosis (p = 0.07) than those who underwent 

concurrent aortic operations. There were no operative deaths, strokes, or myocardial infarctions. 

Patients undergoing aortic repair had better long-term survival. Estimated survival at 1, 5, and 10 

years was 100%, 100%, and 100% after combined operations and was 100%, 88%, and 88% after 

valve operations alone (p = 0.01).

Conclusions—Patients with a dysfunctional unicuspid aortic valve frequently present with an 

ascending aneurysm that requires repair. Combined aortic valve operations and aortic repair was 

associated with significantly better long-term survival than a valve operation alone. Further study 

of this association may direct decisions about timing of surgical intervention.

Unicuspid aortic valve (UAV) has been described as an important morphologic subset of 

bicuspid aortic valve (BAV), the most common congenital cardiac anomaly commonly 

associated with aortic valve stenosis, regurgitation, and resulting heart failure [1–5]. The 
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different types of BAV morphology are thought to represent a continuous pathologic 

spectrum [1, 5–8]. Studies have shown that UAV patients presented with predominantly 

aortic stenosis at a younger age than other BAV patients [9–11].

Ascending aortic dilatation, also known as aortopathy, is frequent in patients with BAV [1–

4]. However, current guidelines for surgical repair of ascending aortic aneurysm do not 

consider the types of BAV morphology or aortopathy observed [12–16]. A small number of 

studies have investigated UAV patients and showed ascending aortic dilatation with mild 

histologic changes of the media [9–11]. Detailed knowledge regarding the pattern of aortic 

dilatation is limited. Clinical outcomes after aortic valve replacement (AVR) or repair, with 

or without ascending aortic repair, are also unclear. The objectives of this study were to 

characterize UAV patients and to describe associated aortopathy and surgical outcomes after 

AVR.

Patients and Methods

Patients

From January 1990 to May 2013, 149 adult UAV patients underwent AVR at Cleveland 

Clinic for aortic stenosis (AS; n = 13), regurgitation (n = 13), or both (n 123). The presence 

of UAV was determined by direct intraoperative inspection. Mean age at the operation was 

44 ± 12 years, and 65% were women. At the time of presentation, 104 patients (70%) had an 

aortic diameter of 4 cm or more, and 91 patients (61%) underwent concurrent aortic 

operations at the time of AVR. None had descending aortic repair. Ten patients (6.7%) 

underwent concomitant coronary artery bypass. Patients were actively followed up at 2-year 

intervals. Mean follow-up was 4 ± 2.8 years. Death data were augmented with information 

from the Social Security Death Index.

Data Sources

Patients and clinical data were extracted from the Cleveland Clinic Cardiovascular 

Information Registry, a prospectively maintained registry. Additional data were gathered by 

retrospective record review. Use of the registry data for research and this study were 

approved by the Institutional Review Board, with patient consent waived.

Cross-Sectional Imaging Measurements

Preoperative cross-sectional imaging was available for 102 patients (68%). Detailed imaging 

analyses were made from computed tomography and magnetic resonance imaging using 

three-dimensional reconstruction software (TeraRecon, Foster City, CA). The observer was 

blinded to surgical procedures and outcomes until after the imaging data were collected. 

Aortic cross-sectional diameters were collected in the orthonormal plane to the centerline of 

the aorta at nine different landmarks (Fig 1). These landmarks are based on the American 

College of Cardiology–American Heart Association consensus guidelines [17] and Mendoza 

and colleagues [18] (Fig 2). Long-axis and short-axis diameters were measured at aortic 

anulus. The cross-sectional area was also measured at each location to account for the 

asymmetrical shape and for calculation of the maximum area/height ratio [14]. Calcium 
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volume was quantified at the level of the aortic valve, and arch configurations with regard to 

the pattern of vessel branching were also noted [15].

Interobserver and Intraobserver Variability

Intraobserver variability was determined by comparing measurements at individual 

landmarks taken by the same blinded observer in 10 randomly selected patients. 

Interobserver variability was determined by comparing measurements at individual 

landmarks made by 2 independent blinded observers in the same 10 randomly chosen 

patients.

Statistical Analysis

Multilogistic and multilinear regression models were used to further analyze variables 

associated with preoperative patient characteristics and postoperative complications to adjust 

for potential confounders and effect modifiers. Continuous variables are presented as mean ± 

standard deviation (15-50-85 percentiles), and categoric variables are presented as 

percentages. Bland-Altman analysis was computed to assess measurement reproducibility. 

Survival analysis was performed using Kaplan-Meier survival curves. A two-sided p value of 

less than 0.05 was considered indicative of statistical significance. Statistical calculations 

were performed using JMP 7 software (SAS Institute Inc, Cary, NC).

Results

Patient Characteristics

Preoperative patient characteristics are reported in Table 1. Most patients presented with 

severe AS (58%) and 3+ aortic regurgitation (33%). Peak and mean aortic gradients were 

77.8 ± 37.1 mm Hg and 44 ± 21.5 mm Hg, respectively. The mean aortic orifice area was 0.9 

± 0.44 cm2. Aortic valve calcification was present in 102 patients (68%), and the average 

calcification volume was 2.11 ± 2.1 cm3.

Patients were further stratified by whether they underwent a concurrent aortic operation. In 

those who had AVR alone, 35 (67%) had severe AS compared with 45 (52%) who 

underwent a concurrent aortic operation (p = 0.07). Patients who underwent AVR alone had 

more hypertension (p = 0.01), chronic obstructive pulmonary disease (p = 0.04), coronary 

artery disease (p = 0.006), and a history of cerebral vascular accident (p =0.02) compared 

with those who had AVR and an aortic operation. Only the difference in hypertension was 

independent of patient age (p = 0.01). Four patients (4%) had aortic valve repair. They were 

younger (mean age, 36 ± 6 years) and all underwent a concurrent aortic operation.

Aortic Morphology

Aortic diameters were most notably dilated at the proximal levels: aortic anulus, sinuses of 

Valsalva, sinotubular junction, ascending aorta, and innominate artery (Table 2). Diameters 

at these proximal levels, except at the aortic anulus, were statistically significantly greater in 

patients who had an aortic operation compared with those who had AVR alone (p < 0.01). 

This difference was also noted when aortic size was indexed to patient height [14]. Patients 

undergoing an aortic operation had significantly higher maximum aortic area/height ratios at 
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these proximal levels than those who had AVR alone (p < 0.05). Interobserver and 

intraobserver errors were computed, and reproducibility was excellent at all levels 

(Supplementary Tables S1 and S2).

Of the patients who underwent a concurrent aortic operation, 28 (31%) had a maximum 

ascending aorta diameter of less than 4.5 cm, and only 9 (10%) had a ratio of less than 8 

cm2/m [14]. Of those 28 patients, 17 (61%) had graft replacement and 11 (39%) had 

aortoplasty. In some patients who were planning a pregnancy, the threshold for aortic 

intervention was lowered. Two patients underwent prior aortoplasty at other institutions and 

experienced further aortic dilatation requiring aortic graft replacement at the Cleveland 

Clinic.

Aortic arch configuration anomalies were present in 22% of UAV patients, with 14% being 

bovine arch and 8% being other variants. The arch configuration was not associated with the 

decision to perform aortic repair.

Surgical Outcomes

Surgical details are reported in Table 3. No hospital deaths, myocardial infarctions (MIs), or 

strokes occurred. Surgical safety was similar between those who did and did not have an 

aortic operation. This was true for unadjusted and adjusted analyses. For patients who 

underwent aortic valve operations alone, 3 required reoperative AVR due to degenerated 

valve diseases at 3, 7, and 11 years. One patient required reoperation for valve dysfunction 8 

days after the initial operation due to technical failure of an attempted mitral valve repair. 

Mean follow-up was 4 ± 2.8 years.

There were 6 late deaths. Cause of death included MI at the age of 64 at 1.1 years 

postoperatively, MI at the age of 53 and 1.5 years later, anoxic brain injury at the age of 44 

and 3.5 years later, leukemia at the age of 66 and 3.8 years later, Burkitt lymphoma at the 

age of 31 and 11.7 years later, and one unknown at the age of 71 and 1 year later.

Kaplan-Meier estimated survival at 1, 5, and 10 years was 100%, 95%, and 95% for the 

entire population. Estimated survival at 1, 5, and 10 years was 100% at all three time points 

for those who had a concurrent aortic operation and 100%, 88%, and 88%, respectively, for 

those who had AVR alone. Late survival was better for those who underwent combined 

procedures (p = 0.01) than for those who had AVR alone (Fig 3).

Comment

Principal Findings

This study demonstrated that most patients with UAV had coexisting aortopathy and thoracic 

aortic dilatation. This finding is very similar to what is seen in patients with BAV, suggesting 

that a similar disease process affects these patients. UAV patients were an average age of 44 

± 12 years at the operation, which is younger than when other BAV patients typically 

present. Overall surgical outcomes were excellent after AVR, with and without aortic 

operations, but long-term survival was better in patients who underwent combined valve and 

aortic operations.
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UAV and Aortopathy

We indexed aortic size to height because the cross-sectional area/height ratio takes into 

account the greater risk of dissection in shorter patients [14, 19, 20]. We found that UAV 

patients demonstrated thoracic aortic dilatation from the aortic anulus to the proximal arch. 

Aortic anulus dilatation is another common feature of UAV, independent of the diameter of 

ascending aorta, suggesting that aortic anulus dilatation and the development of ascending 

aorta aneurysm are likely due to different pathologic processes. We also noted that there was 

no descending aorta dilatation, in accordance with previous studies [13, 21, 22]. This may be 

at least partially explained by the difference in embryologic origin of the descending aorta, 

the dorsal aorta, and that of the ascending aorta, the truncus arteriosus [23, 24].

Furthermore, one might expect that patients with aortic dilatation would have more 

uncontrolled hypertension and more severe AS leading to increased turbulent flow in the 

aorta if hydrodynamic stresses were the etiology of this association. Interestingly, we found 

the opposite in our population, and none of those who underwent isolated AVR required 

aortic repair later within the study period. Most likely, the aortic disease process associated 

with UAV has a mixed etiology, partially influenced by genetically triggered mechanisms.

Surgical Approach and Outcomes

Four patients had aortic valve repair and the rest had AVR. The 4 patients were much 

younger than the average UAV patient, and the need for later valve replacement is 

anticipated. Two had mild aortic regurgitation, and an aneurysm was the primary indication 

for the operation.

A BAV aorta can be safely resected without added penalty if the maximum diameter exceeds 

4.5 cm or the ratio is at least 8 cm2/m when associated with symptomatic BAV disease [14]. 

Some patients in this study underwent aortic operations with diameters less than 4.5 cm or a 

maximum area/height ratio of less than 8 cm2/m. This subset all had symptomatic aortic 

valve disease and other risk factors, such as plans for pregnancy, that were considered in that 

decision. In several of these patients, we found that echocardiography overestimated the 

ascending aorta diameters compared with computed tomography. Accuracy of aortic 

measurements has been shown to be dependent on the imaging modality [18].

With an aggressive treatment approach, there was no increased risk of surgical complications 

or long-term death when aortic repair was included. In fact, long-term survival was better in 

patients who had a concurrent aortic operation than those who had AVR alone, in 

accordance with a previous BAV study [14]. Both late cardiac deaths were in the AVR-alone 

group and were attributable to MI, but the exact details of those events are unclear. We 

theorize that the difference in survival for AVR-alone patients may be because they had 

more severe myocardial remodeling but admit that this is impossible to determine in a study 

of this size with so few events. We have previously shown that markers of myocardial 

remodeling are a powerful predictor of survival in patients treated for AS [25–28].

Patients undergoing an aortic intervention as the primary indication may have had earlier 

operations in terms of the extent of myocardial remodeling that had occurred, and so the 

aortic operation may have provided a protective effect by improving fluid dynamics and 
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forcing early aortic valve intervention. At the same time, the primary surgical indication in 

patients who had AVR alone was for late-stage aortic valve disease probably associated with 

myocardial remodeling.

Aortic Valve and Arch Configuration

Aortic arch configuration anomalies in the UAV population were present in 22% compared 

with 15% of the general population [29]. This suggests a possible contribution of abnormal 

cardiac embryogenesis to the development of UAV. The aortic valve, proximal ascending 

aorta, and pulmonary trunk all derive from the same neural crest cell lines [30, 31]. Future 

embryologic study is needed to understand the pathophysiology of UAV disease.

Limitations

This was a retrospective clinical cohort study, and the patient population was drawn from a 

surgical patient registry, which is a selection bias. Cross-sectional imaging data before 2000 

and for some studies that were performed at other institutions were not available for review. 

The limited number of events meant we were not able to adjust for every potential 

confounder in evaluating long-term survival. Follow-up data were valid for up to 10 years 

after the operation, and in such a young population, end points such as death may not be 

expected to be seen until beyond this time frame. However, this is by far the largest study on 

UAV patients with aortic characteristics and surgical outcomes.

Conclusions

Patients with a dysfunctional UAV frequently present with an ascending aneurysm that 

requires repair. Combined aortic valve operations and aortic repair was associated with 

significantly better long-term survival than a valve operation alone. Further study of this 

association may direct decisions about timing of surgical intervention.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. 
Measurement landmarks on volume-rendered image are the (A) aortic anulus, (B) sinuses of 

Valsalva, (C) sinotubular junction, (D) tubular ascending aorta, (E) maximum ascending 

aorta, (F) aorta at innominate takeoff, (G) mid arch, (H) proximal descending aorta, and (I) 

distal descending aorta.
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Fig 2. 
(A) Coronal and (B) sagittal views of the root and ascending thoracic aorta demonstrate 

representative landmarks: sinotubular junction and anulus. Orthogonal imaging planes show 

the (C) sinus to commisure diameter (diagonal line) and (D) area (circular line) 

quantification methods of the level of the sinuses of Valsalva.
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Fig 3. 
Kaplan-Meier curves show survival for patients undergoing aortic valve replacement (AVR) 

and an aortic operation (blue line) and those undergoing AVR alone (red line).
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