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Abstract: Bicuspid aortic valve(BAV) is a common congenital heart defect often associated with ascending aorta
dilation. Current guidelines suggest surgical intervention for diameters >45mm in conjunction with surgical
aortic valve replacement(SAVR). However, the optimal management of ascending aortas measuring 40-44mm
remains controversial. Objectives: This study aims to evaluate the evolution of aortic diameter in patients with
BAV and ascending aorta diameters between 40 and 44 mm undergoing AVR, assessing whether a conservative
approach is justified. Methods: We conducted a retrospective observational study, analyzing 88 BAV patients
who underwent SAVR between January 2012 and December 2018. Patients were divided into two groups based
on preoperative ascending aorta diameters: <40 mm (Group 1, n=15) and 240 and <45 mm (Group 2, n=11). Follow-
up of at least 5 years included aortic dilation rates, survival, and reoperation rates. Results: No significant
differences were observed in aortic dilation between the two groups during follow-up, with overall annual
dilation rates of 0.2+0.07mm/year. Survival rates were 86.3% for Group 1 and 81.9% for Group 2, with no
reoperations required in either group. Conclusions: Patients with BAV and ascending aorta diameters of 40-
44 mm do not require prophylactic aortic replacement during AVR, provided they undergo regular follow-up.
These findings support current guidelines advocating conservative management for ascending aorta diameters
in this range. However, in younger patients or those nearing the 45 mm threshold, surgical replacement may
still be considered to preempt future complications.

Keywords: bicuspid; aortic valve; aortopathy; aortic dilation; aortic stenosis; aortic regurgitation;
SAVR; AVR

1. Introduction

Current guidelines recommend performing preventive aortic surgery at a maximum aortic
diameter of 255 mm in patients without risk factors, >50 mm in patients with risk factors and >45 mm
in those patients with other indications for cardiac surgery (most commonly, in fact, aortic valve
procedures) or in case of concomitant Bicuspid Aortic Valve (BAV) [1].

Regarding patients with an ascending aorta that has a diameter between 40mm and 44mm and
a Fazel cluster II & III [2] phenotype, which represent our target population in this study, including
patients with a clearly dilated aorta (normal diameter 22 - 36mm), the treatment is contradictory:
some observational studies favor a radical replacement of all ascending aortas during Surgical Aortic
Valve Replacement (SAVR) in patients with bicuspid aortic valve [3,4], while other studies suggest a
more conservative attitude based on the size of the aorta [5,6].

Current guidelines indicate routine monitoring with cardiovascular imaging studies such as
echocardiogram [7], computed tomography (CT), or magnetic resonance imaging (MRI) [8] when
patients have an aorta diameter within this range (40 - 44mm).

However, there is a contradictory attitude towards this approach on the part of several
researchers, in fact some authors have reported a high risk of aneurysm or dissection of the ascending
aorta in patients with BAV who have not undergone preventive repair of the ascending aorta at the
time of the AVR [9].
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The aim of this study is to establish the most effective approach for determining and managing
the evolution of aortic diameter in patients falling within the "gray area" (>40 & <45mm) during aortic
valve replacement for bicuspid aortic valve.

2. Materials and Methods
2.1. Study Design

Ours is a retrospective observational study of a single center that includes all patients
undergoing aortic valve replacement at the cardiac surgery department of AOU Federico II between
January 2012 and December 2018. The time frame was chosen to provide at least a 5-year follow-up
period and to present midterm results.

Aortic valve anatomy and pathology were defined using transthoracic (TTE) or transesophageal
(TEE) color Doppler ultrasound; as the use of computed tomography (CT) or magnetic resonance
imaging (MRI) was not taken into consideration; patients had a BAV documented preoperatively,
and measurements of the aortic root and ascending aorta were obtained by transthoracic
echocardiographic or transesophageal techniques.

The patients in whom the data was obtained using CT scans, echocardiographic measurements
performed by our operators were compared, the values were found to be similar.

All aortic valve replacements in patients with bicuspid aortic valve associated with aortic
dilation less than 45mm were included; however, patients who were younger than 18 years of age,
ascending aorta dimensions greater than or equal to 45mm or patients with an undocumented
ascending thoracic aorta diameter were excluded.

The expected follow-up at one month, six months and then annually thereafter included physical
examination of the patient and the performance of thoracic echocardiography (TTE) color Doppler or
transesophageal echocardiography (TEE) and/or CT angiography in certain cases; therefore, also
using the same imaging technique used preoperatively during follow-up.

The primary endpoints were survival, reoperation rate and annual dilatation rate of the
ascending aorta.

2.2. Patient Selection

From January 2012 to December 2018 in our department 407 patients underwent aortic valve
replacement surgery, of which 88 patients for BAV related pathology.

Of these 88 patients with BAV: 26 patients (29.5%) underwent isolated aortic valve replacement
surgery (AVR), 43 (48.9%) underwent aortic valve replacement surgery + concomitant ascending
aorta replacement while 19 patients (21.6%) underwent surgery to replace the ascending aorta only

(Figure 1).
407 patients
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Figure 1. Patient selection carried out by implementing previously discussed exclusion criteria. AVR:
Aortic Valve Replacement, TAV: Tricuspid Aortic Valve, BAV: Bicuspid Aortic Valve, AAR:
Ascending Aorta Replacement.
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Recently, international aorta experts developed a consensus statement on nomenclature and
classification of BAV and BAVA: The valve should be described as ‘fused’, ‘2-sinus’ or “partial-fusion’
type, whereas the aortopathy has been classified as ‘root phenotype’ (15-20% cases, dilatation
prevailing at the level of the sinuses), ‘ascending phenotype’ (70-75%, dilatation prevailing at the
tubular tract) or ‘extended phenotypes’ (5-10%, either root dilatation with significant extension into
the tubular tract or tubular dilatation involving also the proximal arch)[10]. Both root and ascending
phenotypes can evolve to extended phenotype in time [1].

Because at the moment of surgery, guidelines didn’t distinguish aortic root dilation from tubular
ascending aorta dilation, we divided the 26 patients who underwent isolated aortic valve
replacement (AVR) surgery into two groups based on the diameter size of the ascending aorta. in the
preoperative period, combining both patients with a root phenotype and those with an ascending
phenotype: a first group comprising 15 patients with aorta diameter <40mm versus a group
comprising 11 patients presenting with dilatation of the ascending aorta with a diameter of the latter
being greater than or equal to 40mm and less than 45mm (Figure 2).

26 patients
underwent
isolated AVR
y L 2

Group 1: Group 2:
15 patients with 11 patients with
ascending aorta ascending aorta

diameter diameter 240

<40mm and <45 mm

Figure 2. Patient grouping. AVR: Aortic Valve Replacement.

2.3. Data Collection

Data were extracted from hospital registers and medical records of the Cardiac Surgery
department of the Federico II University Hospital of Naples, in reference to aortic valve replacement
surgeries performed between January 2012 and December 2018. The data collection included
demographic information, patient comorbidities, echocardiographic imaging studies with
measurement of the maximum diameter of the aortic root and ascending aorta. Follow-up data
included incidences of reoperation and all cause mortality collected during follow-up visits or
through phone contact with the treating physician.

Comorbidities include systemic arterial hypertension (>140mmHg/90mmHg; wuse of
antihypertensive drugs), diabetes mellitus, stroke, chronic obstructive pulmonary disease, cardiac
disease (myocardial infarction, angina, heart failure and/or atrial fibrillation), previous cardiac
surgery and renal failure (level of creatinine >150 mmol/L).

Major complications were defined as: prosthesis malfunction, major bleeding (bleeding
requiring surgical intervention), cardiac complications (myocardial infarction diagnosed by EKG
and/or elevated cardiac enzymes), stroke (diagnosed by CT), acute renal failure (1.5-fold increase in
baseline creatinine values), paraplegia (partial, complete or indefinite), pulmonary complications and
30-days all cause mortality.

2.4. Statistical Analysis

Normally distributed continuous variables were summarized and presented using mean,
standard deviation, range, and/or median. Categorical variables are presented with proportions.
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Comparisons between continuous variables were performed with Student's t test, Mann-
Whitney U test, or one-way analysis of variance. Comparison between categorical variables was
performed with the Chi-square test or Fisher's exact test (for sparse data); P values less than 0.05 were
considered statistically significant.

The analysis of survival and annual growth rate of the ascending aorta were analyzed with the
Kaplan-Meier test and the comparison and distribution between two different populations was
performed with the Long-Rank Test (Cox-Mantel).

To evaluate predictors of long-term outcomes, P values less than 0.05 are considered statistically
significant.

Data were analyzed by SPSS version 14.0 for Windows (SPSS, Inc., Chicago, Illinois, USA).

3. Results

The patients observed in this study came to our attention symptomatic due to aortic valve
dysfunction (aortic stenosis, aortic insufficiency and in some cases endocarditis) and after
echocardiography it was also possible to observe the presence of the BAV and the degree of dilation
of the thoracic aorta associated with it.

Between January 2012 and December 2018, 26 patients with BAV for aortic valve replacement
were treated: 19 males (73.0%) and 7 females (27.0%) with an average age of 52.8 + 12.2 years. The
data relating to the two groups are shown in Table 1.

Table 1. Pre-operative Patients’ data from both groups. NYHA: New York Heart Association.

All Patients Group 1 Group 2 P
(n = 26) (n=15) (n=11)

Age (Years) 52.8+12.2 50.2 +14.4 56.3+6.9 0.2

Male sex, n (%) 19 (73.1%) 11 (73.3%) 8 (72.7%) n.s.

Female sex, n (%) 20 (76.9%) 13 (86.7%) 7 (63.6%) n.s.

Endocarditis, n (%) 1(3.8%) 1(6.7%) - n.s.

Previous cardiac surgery, n (%) ---- — — n.s.

Sievers Type 0, n (%) 1(3.8%) 1 (6.7 %) - n.s.

Sievers Type 1, n (%) 22 (84.6%) 12 (80.0 %) 10 (90.9%) n.s.

Sievers Type 2, n (%) 3 (11.5%) 2 (13.3%) 1(9.1 %) n.s.

NYHA classes III - IV, n (%) 13 (50%) 7 (46.7%) 6 (54.5%) n.s.
Ascending aorta diameter (mm) 38.3+49 345+2.6 434+15 0.0001

In total 26 patients: 21 had aortic stenosis (13 from the first group and 8 from the second); 1
endocarditis on aortic valve (one from group 1); 4 aortic regurgitation (1 from the first group and 3
from the second group) (Table 1)

All patients underwent an echocardiographic examination upon admission, with an average
diameter of the aorta in the affected segment of 38.3+4.9 mm, with a value of 34.5+2.6mm in the first
group and 43.4+1.5mm in the second group.

During the follow-up period of 8.8 + 3.3 years (range from 5.5 to 12.1 years) no need for
reoperation was found in any of the patients involved in the study.

The annual dilation rates assessed with TTE and/or CT scans during the follow-up period was
0.2+0.07 mm/year overall, with a rate of 0.2+0.06 in the first group and 0.3+0.09 in the second group
(p=0.002); A calculated dilation of 2.4+0.8mm overall, by measuring 2.3+0.7 mm in the first group and
2.5+0.8 mm in the second group (Table 3).

The survival rate was found to be 86.7% and 81.8% in the first and second groups, respectively.
This included 1 case (6.7%) in group 1 and no cases in group 2 of in-hospital mortality (Table 2). One
case (6.7%) in group 1 and 2 cases (18.2%) in group 2 (of which only one was cardiac related) of long-
term mortality were also encountered (Table 3) (Figure 3).


https://doi.org/10.20944/preprints202409.0796.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 September 2024

Table 2. Perioperative results including choice of prostheses.

d0i:10.20944/preprints202409.0796.v1

All Patients Group 1 Group 2
(n = 26) (n=15) (n=11) P
Mechanical Prosthesis, n (%) 18 (69.2%) 11 (73.3%) 7 (63.6%) n.s.
In-hospital Mortality, n (%) 1(3.8%) 1(6.7%) -—-- n.s.
Table 3. Long-term results. follow-up 8.8 + 3.3 years (5.5 to 12.1 years).
All Patients Group 1 Group 2 p
(n=26) (n=15) (n=11)
Long-term Mortality, n (%) 3 (11.5%) 1(6.7%) 2 (18.2%) n.s.
L> Cardiac related, n (%) 2 (7.7%) 1(6.7%) 1(9.1%) n.s.
Reoperation, n (%) - - - n.s.
Aortic diameter prior to surgery
38.3+49 345+26 434+1.6 0.0001
(mm)
Aortic diameter at follow-up (mm) 40.1+5.1 364 2.8 455 +1.1 0.0001
Aortic dilatation (mm) 24+0.8 23+0.7 25+0.8 0.5
Dilatation rate, (mm/year) 0.2+0.07 0.2 +£0.06 0.3+0.09 0.002
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Figure 3. Kaplan-Meier survival curve for group 1 (less than 40 mm) and group 2 (between 40 and 45

mm).

4. Discussion

Bicuspid aortic valve is a congenital anomaly present in 1-2% of the general population [12] and
is frequently encountered in cardiac surgery. Although the most common surgical approach is aortic
valve replacement (AVR) for aortic stenosis or regurgitation, it is widely recognized that
approximately 40-60% of patients with bicuspid disease also develop varying degrees of dilatation of
the ascending aorta (referred to as “bicuspid aortic valve aortopathy (BAVA)” [11-13]. BAV has a
prevalence of around 30% of all surgical AVR procedures [14] which is in line with our findings.

BAVA can cause complications in the long run with high mortality and morbidity, thus
representing a notable risk factor for both the progressive dilatation of the ascending aorta (and
possible rupture) and for aortic dissection with a mortality ranging from 50% to 76% [11-13].

There are controversial hypotheses for the mechanism by which bicuspid aortopathy (BAVA)
develops. Proponents of the genetic theory argue that bicuspid aortopathy is due to an intrinsic
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molecular defect of the aorta and that it develops independently of the function of the valve related
to gene mutations in NOTCH1, GATA5, ACTA2 and TGFBR2 [15-20]; in contrast, there are studies
that support a primary hemodynamic basis of bicuspid aortopathy [21-24].

This controversy is reflected in the choice of the most appropriate surgical intervention: if one
looks at the genetic hypothesis, aortic valve replacement would certainly not limit the progression of
the aortopathy, while if one considers only the hemodynamic hypothesis, AVR should be the decisive
intervention.

Some authors have reported a high risk of aneurysm or dissection of the ascending aorta in
patients with BAV who did not undergo preemptive repair of the ascending aorta at the time of AVR
[3].

In contrast, Rankin et al. argued in their study that aortic root reconstruction increases mortality
when compared to isolated aortic valve replacement. All 409,904 valve procedures in the Society of
Thoracic Surgeons database performed between 1994 and 2003 were evaluated: overall mortality for
root reconstruction for aortic aneurysms was 10.5%, for aortic dissection it was 23.7 % and for root
replacement without root pathology mortality was 9.5%; simple aortic valve replacement was the
lowest risk surgery with an overall mortality of 5.7%. Given the high relative risk of aortic root
replacement, the study recommends this surgery for patients with root aneurysms larger than 50mm
or complex dissections, discouraging inappropriate root replacement [25].

The current indications on the management of the proximal ascending aorta are, therefore,
contradictory: some observational studies favor a radical replacement of all the ascending aortas
during AVR in the patient with BAV, while other studies suggest a more conservative attitude based
on the size of the ascending aorta.

In the study by Russo et al. [24] 50 patients with BAV underwent isolated AVR and then
compared to a control group of 50 patients who underwent tricuspid aortic valve replacement during
the same time period; in the first group there were 24 late deaths associated with acute aortic
syndrome, while in the control group no patients suffered aortic events. The study therefore
concluded that the incidence of late acute aortic complications in patients with bicuspid aortic valve
is high and recommends a policy of prophylactic replacement even of an apparently normal or
slightly dilated aorta (<45mm) at the time of valve replacement surgery.

Svensson et al. argues, however, that aggressive resection is unjustified. Among the 1810
patients recruited, 1449 underwent isolated aortic valve surgery and 361 underwent ascending aorta
replacement in addition to aortic valve surgery: the freedom from aortic complications of the former
group at 15 years was 43% for aortic diameters of 45mm to 49mm and 81% and 86% for aortic
diameters from 40mm to under 45mm, and less than 40mm respectively. They therefore concluded
that preventive repair of the aorta should be carried out when it reaches a diameter greater than
45mm, to reduce the late risk of complications [26].

Current guidelines indicate preventive surgical intervention of the ascending aorta when it
reaches diameters >45mm in conjunction with an aortic valve replacement procedure in patients with
BAV when performed by experienced surgeons [27]; however, the management of dilated aorta with
a diameter between 40mm and 45mm, excluding the 45mm, remains controversial and routine
monitoring with cardiovascular imaging studies such as echocardiogram, computed tomography
(CT) or magnetic resonance imaging (MRI) is currently indicated [27].

Our study demonstrated that there are no statistically significant differences in reference to the
dilation of the ascending aorta at follow-up in the comparison between the two groups of patients
with a diameter of the ascending aorta less than 40 mm and that with a diameter between 40 and 45
mm. However, between these two groups there is a statistically significant difference in the annual
growth rate of the aorta. Furthermore, in our study the incidence of late aortic complications, at a
follow-up of 8.8 + 3.3 years, is close to zero probably because current diagnostic imaging techniques
and current medical therapies have significantly reduced the incidence of such complications.
Ultimately, we observed that patients with BAV with dilatation of the ascending aorta between 40mm
and 45mm have a similar long-term survival and reoperation rate compared to patients who
preoperatively had an ascending aorta with a diameter <40mm.
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Our results are also in line with the latest studies comparing bicuspid and tricuspid valves:
Girdauskas et al. support the hypothesis that the mild to moderately dilated ascending aorta (40-
45mm) in bicuspid valve stenosis behaves similarly to the ascending aorta in tricuspid aortic valve
(TAV) stenosis after valve replacement surgery. This study compared the risk of late aortic events
after valve replacement (AVR) in 153 patients with bicuspid valve stenosis and 172 patients with
tricuspid valve stenosis. Overall survival after 15 years of follow-up was 78.4% in the BAV group
compared to 55.6% in the TAV group; freedom from proximal aortic surgery at 15 years post-AVR
was 94.3% in the BAV group compared to 89.5% in the TAV group [5].

5. Conclusions

Our results support the guidelines by confirming that dilated proximal ascending aorta, ranging
between 40 — 45 mm (Inclusive of 40mm but not of 45mm), do not require replacement in patients
with BAV undergoing valve replacement surgery; provided they are kept under control over time
with close follow-up and adequate medical therapy (beta blockers and vasodilators),

In our opinion, in young patients with a dilation close to 45 mm, the possible replacement of the
ascending aorta should not be completely excluded especially when you take into consideration the
evolution of surgical techniques and the advancement of biomedical materials. Even if not fully
foreseen by the guidelines, the increased risk of reoperation linked to the longer life expectancy and
the progressive increase in the rate of dilation, a possibly lower cutoff could be applied.
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