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Introduction

Repair of a bicuspid aortic valve (BAV) for severe aortic 
insufficiency (AI) has proven to be a durable alternative to 
valve replacement (1-4). Annular dilation is an established 
risk factor for recurrent AI and repair failure (5-8). 
Therefore, annuloplasty has become a key component of 
BAV repair to both reduce the annular diameter to enhance 
leaflet coaptation and stabilize the annulus to prevent 
future dilation. Several techniques have been described, 
including valve-sparing root reimplantation (VSRR) (1,5-14),  

subcommissural annuloplasty (SCA) (5-10,14), suture 
annuloplasty (SA) (15,16), and external subannular ring 
(ESAR) (4,5,6,17-22). 

Our group has previously demonstrated excellent midterm 
results of primary cusp repair with VSRR for BAV. with 
severe AI in the setting of an aortic root aneurysm (1,6,13,14). 
For patients without aneurysmal degeneration, our group has 
reported comparable freedom from AI and reduction of left 
ventricular diameters after repair with concomitant ESAR 
or SCA depending on annular dimensions (5). Furthermore, 
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ESAR was associated with lower mean transvalvular gradients 
as well as a greater degree of annular reduction (5). In those 
undergoing SCA, a large preoperative aortic annulus was 
predictive of recurrent AI (6,14). 

Accordingly, in patients with a repairable BAV and severe 
AI, our current institutional practice is to perform cusp 
repair with concomitant VSRR if the sinus segment exceeds 
4.5 cm, SCA for preoperative annulus ≤27 mm, and ESAR 
for preoperative annulus >27 mm. This case report and 
associated surgical video demonstrate a primary BAV cusp 
repair with ESAR. We present this case in accordance with 
the CARE reporting checklist (Video 1) (available at https://
jovs.amegroups.com/article/view/10.21037/jovs-20-178/rc).

Case presentation 

A 44-year-old male with past  medical  history of 

nephrolithiasis and known BAV presented with severe AI 
in New York Heart Association (NYHA) Class III heart 
failure. Transthoracic echocardiogram (TTE) showed a 
LVEF 45%, severe left ventricular dilation (LVEDD 7.8 cm) 
and high-normal aortic dimensions (root 4.0 cm; ascending 
3.8 cm). Intra-operative, preprocedure transesophageal 
echocardiogram (TEE) demonstrated a Sievers Type 1 BAV 
with fusion of the left and right coronary cusps, a calcified 
raphe with a mobile component, an annular measurement 
of 34 mm, and severe, eccentric, posteriorly directed AI 
(Figures 1,2). 

Direct visual inspection of the aortic valve confirmed 
the left-right Sievers 1 phenotype with severe calcification 
confined to the raphe. The reference cusp had excellent 
mobility while the conjoined cusp was significantly 
restricted. There was prolapse of the conjoined cusp, 
which was responsible for the severe eccentric AI seen 
on echocardiogram. Following valve analysis, the raphe 
was released and debrided of calcium, which allowed for 
significantly increased mobility of the leaflet (Figures 3,4).  
Free margin equalization was then assessed using 
interrupted 5-0 polypropylene sutures in the Nodule of 
Arantius of the reference and conjoined cusps, which 
demonstrated excess free margin tissue in the conjoined 
cusp. A triangular resection was performed, which both 
improved the free margin length and excised much of the 
diseased, calcified raphe tissue (Figure 5). The triangular 
resection defect was repaired with interrupted 5-0 
polypropylene sutures. 

The aortic root was then dissected to the ventriculo-
aortic junction about 3–4 mm below the annulus, with 
particular care taken around the coronary arteries (Figure 6). 

Figure 1 Intra-operative transesophageal echocardiogram showing 
Sievers Type 1 bicuspid valve with fusion of the right and left 
coronary cusps and a calcified raphe with a mobile component. 

Figure 2 Intra-operative transesophageal echocardiogram showing 
severe, eccentric aortic insufficiency.

Video 1 Surgical video demonstrating our step-by-step process in 
performing a bicuspid aortic valve repair with external subannular ring.

https://jovs.amegroups.com/article/view/10.21037/jovs-20-178/rc
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Next, 2-0 plegeted braided polyester sutures were placed in 
the subannular plane from inside the left ventricular outflow 
tract to outside. Typically, we use 6 of these sutures for a 
bicuspid valve (3 per cusp). However, 7 were used in this 
case due to the large annular size (3 on the reference cusp; 
2 on either side of the raphe on the conjoined cusp). When 
placing these sutures, particular care was taken to avoid the 
coronary arteries. The coronaries were probed to ensure 
patency following suture placement. 

Our group’s technique for sizing the ESAR has been 
previously described (5,6). For a BAV with an annulus  
>27 mm, we aim to reduce the annular diameter to a 
physiologic dimension based on the patient’s body surface 
area (BSA) and sex. In general, this corresponds to 23–24 mm 
for men and 21 mm for women. Accordingly, for this patient 
with a 34 mm annulus, we targeted an annular diameter of 
23–24 mm. We employ a segment of straight Dacron graft 
for our ESAR repairs based on the following algorithm: 
targeted annular diameter = Dacron ring size – 5 to 6 mm. In 
this case, we selected a 30 mm graft. The ring must be cut in 
order to position it beneath the coronary arteries (Figure 7).  
After the ring was positioned in the subcoronary plane, it 

was sewn back together using interrupted 4-0 polypropylene 
sutures. This reduced the diameter by 2 to 28 mm. The 
previously placed subannular sutures were then passed 
through the Dacron ring from inside to outside. Tying 
down the subannular sutures further reduced the annulus by  
4–5 mm, meeting the goal of 24 mm (Figure 8). 

Secondary valve analysis is then performed as, often 
times, the annular geometry has been altered after securing 
the ESAR. In this case, an additional 5-0 polypropylene 
plication suture was placed at the free margin of the 
conjoined cusp to further improve free margin equalization. 
Subsequent saline test with the left ventricular vent at  
400 cc/min demonstrated valve competence. Post-procedure 
TEE showed a well-functioning valve without insufficiency, 
a coaptation height of 8.5 mm (goal >7–8 mm), annular 
reduction to 24 mm, and mean gradient of 8 mmHg. The 
patient was discharged home after an uneventful post-
operative course. At 3-year follow-up, he continues to do 
well. Surveillance TTE shows a durable repair without AI, 
normal EF, and normal LV diameters. 

All procedures performed in this study were in 
accordance with the ethical standards of the University 

Figure 3 Debridement of calcium from the raphe. 

Figure 4 Calcium debrided from the raphe. 

Figure 5 Triangular resection of the conjoined cusp. 

Figure 6 Dissection of the aortic root to the subcoronary plane. 
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of Pennsylvania, the Health Insurance Portability and 
Accountability Act and with the Helsinki Declaration (as 
revised in 2013). Written informed consent was obtained 
from the patient for publication of this case report and 
accompanying images. A copy of the written consent is 
available for review by the editorial office of this journal.

Discussion

Primary cusp repair of a BAV with severe AI has proven 
to be a durable alternative to replacement (1-4). Our 
approach to BAV cusp repair has been previously described 
(1,5,6,13,14). After the aorta is transected 1 cm above the 
sinotubular junction, valve analysis is performed to assess 
whether the valve is suitable for repair. If there is severe 
calcification, large fenestrations, particularly involving the 
free margins, decreased cusp surface area, or geometric 
height <18 mm, repair is deferred in favor of replacement 
with either a mechanical or biologic prosthesis. As 
described by Schafers and colleagues, the geometric height 
of each leaflet is measured intraoperatively using a ruler 
from the aortic insertion at the nadir of each sinus to the 
corresponding Nodule of Arantius (23). In the presented 
case, there were no fenestrations, the calcification was 
confined to the raphe, and the reference cusp had excellent 
mobility. Additionally, the conjoined cusp regained 
sufficient mobility following raphe release and debridement 
of calcium. To optimize free margin equalization and 
reduce cusp prolapse, we perform either cusp plication or 
triangular resection. In this case, we opted for the latter as 
it would both remove the calcified raphe tissue as well as 
reduce the excess free margin tissue of the conjoined cusp. 
We routinely perform secondary valve analysis following a 
VSSR, SCA or ESAR, to ensure that the coaptation height 

and valve function remain appropriate. Coaptation height 
is defined as the zone of cusp apposition during diastole 
(24,25). Following the termination of cardiopulmonary 
bypass, the coaptation height is measured using TEE for a 
goal of >7–8 mm. 

A large preoperative annular diameter has been shown to 
be a risk factor for recurrent AI and repair failure. Kunihara 
and colleagues reported that preoperative ventriculo-aortic 
junction diameter >28 mm was a significant predictor 
for both late AI and reoperation in patients with either a 
tricuspid or bicuspid aortic valve undergoing VSRR or root 
remodeling (12). Similarly, Navarra and associates reported 
that a ventriculo-aortic junction ≥30 mm preoperatively 
and ≥25 mm postoperatively were associated with decreased 
freedom from recurrent AI >1+ after SCA at 6 years (<30 mm:  
74% vs. ≥30 mm: 39%, P=0.01; <25 mm: 80% vs. ≥25 mm: 
31%, P=0.02) (7). By contrast, VSRR resulted in greater 
annular reduction and ventriculo-aortic junction dimension 
had no effect on recurrent AI (7). Similarly, our group found 
that a preoperative aortic annulus ≥28 mm was a significant 
predictor of recurrent AI in patients undergoing BAV 
cusp repair with SCA (14). Compared to SCA, VSRR was 
associated with improved postoperative and 2-year gradients 
as well as freedom from AI exceeding 1+ (92%±6% vs. 
62%±10%, P=0.03) (14). DeKerchove and colleagues also 
reported that compared to BAV, VSRR was associated with 
improved freedom from reoperation (100% vs. 90%±8%; 
P=0.025) and recurrent AI >2+ (100% vs. 77%±14%; 
P=0.002) at 6 years (8). While the circumferential 
annuloplasty of the VSRR appears to provide greater 
durability than SCA, performing a VSRR in patients without 
an aortic root aneurysm is controversial. 

One alternative to VSRR is the addition of a suture 
annuloplasty (SA) to isolated BAV repair as described by 

Figure 7 Positioning of the external ring, which consists of a 
segment of straight Dacron graft, in the subcoronary plane. 

Figure 8 Final position of the external ring after subannular 
sutures are tied. 
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Schneider and colleagues, which resulted in significant 
improvement in durability with 5-year freedom from 
reoperation of 92.6% in the SA group compared to 73.2% in 
the control group [of which 59.6% had SCA (P=0.0006)] (15). 
Lansac and colleagues have utilized a subvalvular external 
ring in cases where the aortic annulus measures ≥25 mm 
in patients with either a bicuspid or tricuspid aortic valve 
undergoing isolated valve repair, supracoronary graft for an 
ascending aortic aneurysm, or root remodeling for a root 
aneurysm (17-21). In cases of isolated valve repair for severe 
AI, Lansac and colleagues also place an external ring at the 
sinotubular junction in addition to the subvalvular external 
ring (19). At 7 years, freedom from reoperation was 90.5% 
for root remodeling with subvalvular annuloplasty ring, 
100% for ascending aortic replacement with subvalvular 
annuloplasty ring, and 97.5% for isolated valve repair with 
subvalvular or both supra- and subvalvular annuloplasty 
rings with no difference between bicuspid and tricuspid 
valves (21). Freedom from AI grade ≥3 was 93.1%, 100%, 
and 82.2%, respectively (21). While initially utilizing 
a homemade Dacron ring similar to ours, Lansac and 
colleauges also use a calibrated expansile aortic ring (Extra-
Aortic; CORONEO, Inc, Montreal, QC, Canada) which 
is undersized by one size relative to the measured native 
annulus diameter (i.e., 25 mm external ring for annulus 
25–27 mm) (19). 

For patients with a repairable BAV presenting with 
severe AI, our institutional practice is to perform a BAV 
cusp repair with concomitant VSRR if there is an aortic 
root aneurysm (>4.5 cm), SCA when the preoperative 
annulus is ≤27 mm, and ESAR for preoperative annulus 
>27 mm. The decision to use >27 mm as our threshold for 
performing ESAR instead of SCA is based on our group’s 
prior study of SCA, in which we found that SCA performed 
in an annulus ≤27 mm was stable over time with minimal 
midterm AI, whereas SCA in a preoperative annulus ≥28 
was predictive of recurrent AI grade >1+ and associated 
with significantly lower freedom from AI grade >1+ at  
5 years (14). More recently, our group reported comparable 
freedom from AI and reduction of left ventricular diameters 
after BAV repair with concomitant ESAR (n=20) or SCA 
(n=38), while the former was associated with lower mean 
transvalvular gradients as well as a greater degree of 
annular reduction (5). In their series of ESAR, Lansac and 
colleagues reported an annular reduction of −5.4±3.3 mm 
(21), which is comparable to the −5.1±2.7 mm observed in 
ours (5). In the presented case of a 44-year-old male with 
preoperative annulus measuring 34 mm and severe AI, BAV 

cusp repair with ESAR was performed with excellent result 
at 3 years. 

Conclusions

In conclusion, annuloplasty is an essential component of 
BAV repair. Annular reduction improves leaflet coaptation 
while annular stabilization prevents subsequent dilation, 
which can lead to recurrent AI and, ultimately, repair 
failure. Several techniques have been described, including 
VSRR, SCA, and ESAR. This case report and associated 
surgical video demonstrates our step-by-step approach to 
primary BAV cusp repair with an ESAR. 
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