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Abstract: Objective: aortic root enlargement (ARE) and descending thoracic aorta dilatation
(DTAD) in combined aortic valve and ascending aorta replacement surgery (AV+AAR) are
postoperative concerning issues. This retrospective observational analysis studies surgical factors
which could determine those complications. Methods: 236 patients underwent AV+AAR. Mean-
time follow-up by trans-thoracic echocardiography (TTE) and computer tomography (CT) was 44.7
+ 21.2 and 38.2 + 18.4 months respectively. In long-term follow-up, outcome variables are: ARE
equal/more than 10% of the preoperative TTE data and DTAD equal more than 5% of preoperative
CT measurement at the same thoracic vertebrae axial slice. Results: ARE and DTAD appear strictly
related to the discrepancy between prosthetic valve and straight vascular prosthesis diameters (p =
0.024), while there is not significant difference (log-rank = 0.917) related to aortic valve surgery type
(replacement or repair). Considering diameter difference (DD) between vascular and aortic valve
prosthesis, patients were subsequently grouped into two sections: L5 group, in which DD was
less/equal than 5 mm, and M5, in which DD was more/equal than 5 mm. ARE was found in 30.8 %
of L5 patients and only in 14.7 % among M5 patients (log-rank = 0.026). We have also observed
descending thoracic aorta dilatation in 34.2 % of L5 and in 12.1 % of M5 (log-rank = 0.023).
Conclusions: According with our data, difference between vascular prosthesis and aortic valve
prosthesis equal/more than 5 mm is a protective factor against ARE and DATD.

Keywords: Aortic Root Dilatation; Aortic Aneurysm; Descending Thoracic Aneurysm; Shear
Stress; Vascular Prosthesis

1. Introduction

Post operative aortic root enlargement (ARE) and descending thoracic aorta
dilatation (DTAD) in concomitant aortic valve and ascending aorta replacement surgery
(AV+AAR) are both main concern in the long-term follow-up. When the sino-tubular
junction (STJ) can be preserved, ascending aorta is replaced using vascular prosthesis, and
native aortic valve undergoes to repair or replacement as appropriate [1, 2]. Although
AV+AAR treats ascending aortic aneurysm and aortic valve disease with a concomitant
benefit on cardiac function, a following ARE and DTAD are both important concern in
long-term follow-up (FU) because they can lead to rupture or dissection [3, 4]. The present
analysis aimed to identify possible predictors of post-operative ARE and DTAD overtime.
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2. Methods

From May 2016 to May 2023, 236 patients, 164 males and 72 females, underwent
AV+AA. A general informed consent for personal data collection, treatment, post
processing analysis, and publishing was collected and signed by each patient, whose
demographics are summarized in Table 1. To analyse ARE and DTAD trans-thoracic
echocardiography and computer tomography have been respectively used as per
guidelines protocol [5]. The mean trans-thoracic echocardiographic (TTE) follow-up was
44.7 + 21.2 months, while mean computer tomography scan (CT) follow up was 38.2 + 18.4
months. For the long term follow up, the considered outcome variables were: an aortic
root diameter equal/more than 10% of the preoperative TTE data and a descending
thoracic aorta diameter equal more than 5% of the preoperative CT measurement which
was performed at the same thoracic vertebrae axial slice. Student-t or chi-square test was
used depending on the case. Kaplan-Meier curve and log-rank p-value were calculated to
perform the survival analysis, while Cox’s regression model was used to check predictive
value of variables overtime. A p-value < 0.05 was significant. Aortic valve surgery
technique was replacement for 202 patients and repair for the other 34 patients. A
biological prosthetic model was implanted in 172 patients (85%). Concomitant one or
more coronary artery bypass graf was performed in 12 patients. No minimally invasive
access was used in this series. In Table 2 are presented the main intraoperative surgical
data.

Table 1. Patients” demography

N (%) Mean = SD
Female 72 (30) Mean echocardiography follow up (months) 44.7 +21.2
Male 164 (70) Mean computer tomography follow up | 38.2+18.4
(months)

Hypertension 178 (75) Age (year) 69.8 + 8.2
Dyslipidemia 148 (63) EuroScore II 32+0.7
Diabetes 124 (52) Ejection Fraction (%) 56.1+4.9
COPD 120 (51) Descending thoracic aorta diameter (mm) 28 +4.2
Psychiatric disorders 58 (25) Aortic root diameter (mm) 40.4+52
Aortic stenosis 98 (41) Sino-tubular junction (STJ) diameter (mm) 329+53

Table 2. Intra-operative data

Aortic vascular Aortic valve

n n
prosthesis size (mm) prosthesis size (mm)
22 1 19 4
24 21 37
26 6 23 64
28 96 25 79
30 92 27 16
32 20 29 2
34 IV
CPB time (min) 78.1+ 10.8 Biological Aortic valve prosthesis (n) 172
X clamp time (min) 58.4+8.4 Mechanical Aortic valve prosthesis (n) 30
Other surgical procedures (n) 12 Aortic valve repair (n) 34
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3. Results

In our series, there is a not significant difference related to the aortic valve surgical
technique (replacement compared to aortic valve repair had log-rank = 0.917), in fact ARE
has been detected in 12 patients (35.3%), who received aortic valve repair and in 48
patients (23.8 %,) who have had the replacement, as it is represented in Figure 1 and
resumed in Table 3. This difference was found not significant through the Cox’s regression
analysis. In pour series, the DTAD, with a rate more than 5% from the baseline CT
measurement, occurred in the 25% of patients, as it is reported in Table 4. Among patients
who received valve replacement, ARE and DTAD were both related to DD between valve
and vascular prosthesis. Considering the diameter difference (DD) between straight
vascular prosthesis and aortic valve prosthesis, patients were subsequently grouped into
two sections: Less 5 mm (L5), in which DD was < 5 mm, and More 5 mm (M5), in which
DD >5 mm. ARE was found in 32.8 % of L5 patients and only in 14.2 % among M5 patients
(log-rank = 0.026) as it is shown in Figure 2. We have also observed descending thoracic
aorta dilatation in 34.2 % of L5 and in 12.1 % of M5 (log-rank = 0.023). The predictive
validity of this observation was estimated using Cox’s regression model. Analysis
demonstrated that DD was < 5 mm between valve and vascular prosthesis is strictly
related to higher risk of post-operative ARE and DTAD overtime (p = 0.033), and same
significance appears if data are adjusted for sex and age (p = 0.042). Schoenfeld residuals
test was used to estimate the assumption of proportional hazards. It showed Chi-square
1.93 (3-freedom-degree) with p < 0.05. The statistics was confirmed through graphic test,
as reported in Figure 3 and Figure 4. The overlapped predicted and observed survival
functions are presented in Figure 5.
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Figure 1. Kaplan Meier curves show no significant aortic root enlargement in aortic valve repair
vs. replacement.

Table 3. Postoperative diameters of aortic root and sino-tubular junction compared with pre-
operative value.

Mean * SD
AR post (mm) 46.4+5.8
STJ post (mm) 402+53
AR variation (mm) 9.8+11.6
STJ variation (mm) 3.2+49
AR variation > 10% (n) 48

AR, aortic root; STJ, sino-tubular junction.



Francesca D’ Auria and Danilo Flavio Santo 40f7

Table 4. Postoperative diameters of descending thoracic aorta compared with preoperative

value.
Mean = SD
DTA post (mm) 344+22
DTA variation (mm) 10.1+0.9
DTA variation > 5% (n) 59

DTA descending thoracic aorta.
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Figure 2. Kaplan Meier curves show significant aortic root dilatation in L5 group compared to M5
group (log-rank = 0.026).
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Figure 3. Kaplan Meier curves show significant descending thoracic aorta dilatation in L5 group
compared to M5 group (log-rank = 0.023).
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Figure 4. Log-log plot evaluation.
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Figure 5. Kaplan Meier vs. survival probability plot.

4. Discussion

Dacron® vascular graft, used to replace the aortic wall in AAR do not have
biomechanical properties of the native vascular tissue [6-10]. Compliance (increase in
volume for an increased in pressure) of a vascular prosthesis is 4-time lower than the
aorta, and this mismatch between graft and aorta causes flow turbulence with serious
clinical issues overtime. Reduction of elastic properties induces retrograde effects, which
reverberate on the aortic root, while the antegrade repercussions affect the descending
thoracic aorta. In fact, the compliance mismatch produces significant modifications in the
biomechanical properties of aortic root [11-14], as well as in the descending aorta. It is well
documented, that vascular graft in replacement of the ascending aorta aneurysm increases
the circumferential strain of the descending aorta, particularly in patients with cystic
medial necrosis and other collagen disorders. Grafts augment energy transfer to the distal
aorta, which is potential mechanism for progressive distal aortic dilation and/or dissection
overtime [3, 4]. This retrospective observational study shows that DD > 5 mm between
valve and vascular prosthesis, due to minor jump in caliber between vascular graft and
the AR, lowers the risk of ARE in the long-term follow up. For the same geometrical reason
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of reduced-turbulence in reduced-caliber jump, the DTAD rate is contemporary lowered
overtime. Conversely, if the DD between prosthetic valve and vascular graft is less than 5
mm, as it is shown in L5 group, the Valsalva sinuses have more shear-stress due to the
barrier-effect as it is schematized in Figure 6. Based on our data, difference between
straight vascular prosthesis and aortic valve prosthesis equal/more than 5 mm is a
protective factor against ARE and DATD, while a discrepancy less than 5 mm in our series
is the only cause of ARE and DTAD over time. The best choice appears to choose a size of
aortic valve prosthesis as larger as possible, also resorting to techniques of aortic annulus
enlargement (for example Nicks or modified Manouguian) in case of a small aortic
annulus, and or using sutureless aortic prosthesis, for their less bulky characteristics [15].

Figure 6. Schematic representation of AV+AAR in the L5 group (A) and M5 group (B). Red arrows
indicate blood flow direction. Green indicates less shear stress and turbulence. Red high-
lights greater shear stress and turbulence in the region where a jump of caliber is pre-
sent.

5. Conclusion

Based on our findings, in our series, DD > 5 mm between vascular prosthesis and
aortic valve prosthesis is itself as protective factor against ARE and DATD, while DD <5
mm between valve and vascular devices is the only variable which is significant related
to ARE and DTAD overtime. Further researches with wide sample and prospective
collected data are mandatory to provide more detailed information regarding post
operative ARE and DTAD after ascending aortic replacement surgery.

Compliance with Ethical Standards: this study compliances with Ethical Standards; a general
informed consent for personal data collection, treatment, post processing analysis, and publishing
purposes was collected and signed by each patient as per institutional internal ethical committee.
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