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ÖZ
Amaç: Bu çalışmada akut tip A aort diseksiyonu nedeniyle aort 
tamiri yapılan hastalarda sinüs valsalva dilatasyonu araştırıldı ve 
progresyonu değerlendirildi.
Ça­lış­ma pla­nı: Ocak 2004 - Aralık 2019 tarihleri arasında kök 
koruyucu cerrahi yapılan ve ayaktan en az bir yıl süreyle takip 
edilen toplam 68 hasta (50 erkek, 18 kadın; ort. yaş: 54.2±10.1 
yıl; dağılım, 30-82 yıl) retrospektif olarak incelendi. Hastalar 
takip sırasında dilatasyona göre iki gruba ayrıldı. Grup 1’de 
(n=32) dilatasyon gelişen hastalar ve Grup 2’de (n=36) dilatasyon 
gelişmeyen hastalar yer aldı. Sinüs Valsalva çapları ameliyat 
öncesi ve ameliyat sonrası bilgisayarlı tomografi anjiyografi ile 
ölçüldü.

Bulgular: Ortalama takip süresi 4.9±3.1 (dağılım, 1-4) yıl idi. 
Takip sırasında hastaların %47’sinde sinüs Valsalva dilatasyonu 
izlendi. Ameliyat öncesi sinüs Valsalva çapı, anevrizma 
dilatasyonu açısından bir risk faktörü idi. ≥4.05 cm’lik çap, 
yeniden ameliyat gerektiren dilatasyon gelişimi açısından kesim 
değeri olarak hesaplandı.
So­nuç: Ameliyat sonrası ekokardiyografi veya bilgisayarlı 
tomografi anjiyografi ile takip, sinüs Valsalva dilatasyon 
gelişiminin değerlendirilmesi açısından mühim olup, aort 
köküne girişim yapılmayan hastalarda yeniden ameliyat 
gerektirir.
Anah­tar söz­cük­ler: Akut tip A aort diseksiyonu, yeniden ameliyat, 
sinotübüler bileşke, sinüs Valsalva anevrizması.

ABSTRACT
Background: This study aims to investigate the dilation of 
sinus valsalva in patients who underwent aortic repair due to type 
A aortic dissection and to evaluate its progression.
Methods: Between January 2004 and December 2019, a total of 
68 patients (50 males, 18 females; mean age: 54.2±10.1 years; 
range, 30 to 82 years) who underwent root-preserving surgery 
and followed for at least one year in the outpatient setting were 
retrospectively analyzed. The patients were divided into two 
groups according to dilatation during follow-up. Group 1 (n=32) 
included patients with dilatation and Group 2 (n=36) included 
patients without dilatation. The sinus of Valsalva diameters were 
measured using pre- and postoperative computed tomography 
angiography.
Results: The mean follow-up was 4.9±3.1 (range, 1 to 4) years. 
Sinus of Valsalva dilatation was observed in 47% of the patients 
during follow-up. Preoperative sinus of Valsalva diameter was a 
risk factor for aneurysmatic dilatation. A diameter of ≥4.05 cm 
was calculated as a cut-off value for developing dilatation 
requiring reoperation.
Conclusion: Follow-up using postoperative echocardiography 
or computed tomography angiography is of utmost importance 
for the assessment of development of sinus of Valsalva dilatation 
which requires reoperation in patients without intervention to the 
aortic root.
Keywords: Acute type A aortic dissection, reoperation, sinotubular 
junction, sinus of Valsalva aneurysm.
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Acute aortic dissection (AD) is the separation of 
the tunica media from the tunica intima and blood 
surging through the tear. Acute type A AD (ATAAD) 
occurs in the proximal part of the aorta (ascending 
aorta or arcus) and may extend proximally to the aortic 
root and heart or distally to the descending aorta. 
Management of this life-threatening condition is still 
a formidable challenge and, in patients with ATAAD 
treated surgically, the perioperative mortality rate is 
between 17 and 28%.[1,2]

Dissection surgery has many early and late 
postoperative complications one of which is the 
emergence of sinuses of Valsalva (SOV) aneurysm 
located between the aortic valve annulus and the 
sinotubular junction at the aortic root.[3] In patients 
with AD, SOV dilatation emerges as a result of the 
weakness of the elastic lamina at the junction of the 
aortic media and due to annular degeneration.[4] If the 
dilatation approaches an excessive dimension, it may 
provoke rupture of the SOV, which can be fatal. In 
detected cases of SOV enlargement, the patient should 
be promptly referred to a cardiothoracic surgeon for 
consideration of repair.[5,6]

In the present study, we aimed to investigate 
the dilated SOV rates in postoperative patients to 
highlight the importance of following this entity in 
patients operated for ATAAD and to evaluate its late 
progression at the time of index operation.

PATIENTS AND METHODS
This single-center, retrospective study was 

conducted at Dr. Siyami Ersek Training and 
Research Hospital, Department of Cardiovascular 
Surgery between January 2004 and December 2019. 
We identified all patients who were operated due 
to ATAAD in our clinic. A total of 68 patients 
(50 males, 18 females; mean age: 54.2±10.1 years; 
range, 30 to 82 years) who underwent root-preserving 
surgery and followed for at least one year in the 
outpatient setting were included. Patients with collagen 
tissue disease, endocarditis, operative mortality, and 
who had root replantation surgery were excluded. 
Patients who were lost-to-follow-up within one-year 
of the operation were also excluded. Perioperative 
mortality was defined as mortality within two months 
of surgery. Late mortality was defined as mortality 
later than two months of surgery.

The patients were divided into two groups according 
to the development of SOV dilatation during follow-up. 
Group 1 (n=32) included patients with SOV dilatation 
and Group 2 (n=36) included patients without SOV 
dilatation. Root-preserving techniques consisted of 

supracoronary graft interposition without commissural 
resuspension. Demographic features, comorbidities, 
and dissection lengths were recorded. The diameter of 
SOV was measured by pre- and postoperative computed 
tomography (CT) angiography and both groups were 
compared. The radiologists measured the widest 
segment in the middle of the SOV on the transverse 
section using two-dimensional CT angiography. The 
planes crossed the widest parts of the examined aortic 
segments. Postoperative CT angiography scanning 
times varied between 1 and 12 years.

Statistical analysis
Statistical analysis was performed using the 

GraphPad Prism version 9.0 software (GraphPad 
Software Inc., San Diego, CA, USA). Continuous data 
were expressed in mean ± standard deviation (SD), 
while categorical data were expressed in number and 
frequency. Categorical data were compared between 
the groups using the chi-square, chi-squared with 
Yates’ correction, and Fisher exact tests. Continuous 
data were compared using the independent t-test. 
Predictors of aneurysmatic dilatation in SOV (i.e., age, 
sex, CT angiography control time, and preoperative 
SOV diameter) were analyzed using multiple regression 
analysis. A cut-off value of preoperative SOV diameter 
for developing aneurysmatic dilatation was calculated 
using the receiver operating characteristic (ROC) 
analysis. A p value of <0.05 was considered statistically 
significant.

RESULTS
All patients underwent surgery without 

intervention to the aortic root. The mean follow-up 
was 4.9±3.1 (range, 1 to 4) years. Two patients had 
bicuspid aortic valve.

All patients continued their cardiovascular 
follow-up at our outpatient clinic for at least one 
year. The overall mean SOV diameter was 4.44±0.91 
(range, 2.9 to 7.9) cm. Thirty-two of the patients 
(47.06%) developed SOV dilatation with a sinus 
diameter of more than 4.5 cm during follow-up. The 
mean SOV diameter of this group was 5.23±0.61 
cm. Thirty-six patients (52.94%) had a normal SOV 
diameter and the mean SOV diameter of this group 
was 3.74±0.43 cm. Nineteen patients in Group 1 and 
23 patients in Group 2 were followed for less than 
five years. There was no significant difference in 
the demographic features, comorbidities, length of 
the dissection, and hospitalization times between the 
groups (p>0.05) (Table 1).

In Group 1, 24 patients (35.29%) had a SOV 
diameter greater than 5 cm, while nine patients 



173

Köse Y, et al.
Dilated sinus of valsalva after dissection surgery

(11.77%) had a SOV diameter greater than 5.5 cm 
(Figure 1). The maximum measured SOV diameter was 
7.2 cm. Patients who did not undergo procedures for 
the aortic root during the first operation due to a small 
SOV diameter were expected to experience a SOV 
dilatation above the aneurysmatic limits in the future.

Age, sex, CT angiography control time, and 
preoperative SOV diameter were analyzed in the 
multiple regression analysis to identify the risk factors 
for the development of aneurysmatic SOV dilatation 
postoperatively (Table 2). Accordingly, age and sex 
were not found to be correlated with the presence of 
SOV dilatation. Development of SOV dilatation was 
not correlated with the CT angiography time after the 
operation, either. The mean CT angiography control 
time interval after index AD surgery was 5.37±3.08 
years in Group 1 and 4.47±2.92 years in Group 2. On 
the other hand, there was a significant relationship 
between postoperative dilatation and preoperative SOV 
diameters. The wider preoperative SOV diameter 

was associated with a higher risk for aneurysmatic 
dilatation. In the ROC curve for preoperative diameter 
values, we determined a cut-off value of 4.05 cm for 

Table 1. Descriptive data of patients with or without postoperative SOV dilatation after root-preserving surgery

Total (n=68) SOV dilatation (+) (n=32) SOV dilatation (–) (n=36)
n % Mean±SD n % Mean±SD n % Mean±SD p

Age (year) 54.2±10.1 53.2±9.9 55.1±10.4 0.4538
Sex

Female
Male

18
50

26.47
73.53

7
25

21.88
78.12

11
25

30.56
69.44

0.5930

Hypertension 53 77.94 27 84.38 26 72.22 0.3610
Diabetes mellitus 13 19.12 7 21.88 6 16.67 0.8132
Dissection ends before iliac level 44 64.71 20 24 0.9166
Dissection ends after iliac level 24 35.29 12 12
Mean follow-up time 4.90±3.09 5.38±3.08 4.47±2.92 0.215
ICU stay (day) 4.79±4.28 4.34±3.39 5.19±4.95 0.4176
Hospital stay (day) 16.63±12 17±10.04 16.31±13.64 0.8149

Preoperative SOV diameter (cm) 3.83±0.53 4.33±0.18 3.39±0.27 <0.0001
Follow-up SOV diameter (cm) 4.48±0.50 5.23±0.61 3.74±0.43 <0.0001
SD: Standard deviation; SOV: Sinus of Valsalva; ICU: Intensive care unit.

Table 2. Multivariate analysis results

Standardized coefficients-Beta t Sig.
Age -0.048 -1.080 0.284
Sex -0.020 -0.429 0.669
Hypertension -0.032 -0.523 0.812
Computed tomography time (year) -0.016 -0.351 0.727
Preoperative SOV diameter (cm) 0.928 20.474 <0.001
SOV: Sinus of valsalva; Adjusted R square: 0.872; Regression df:4 Residual df:63.
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Figure 1. Distribution of sinuses of Valsalva diameters.
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developing critical dilatation which would require 
reoperation in the future with a >95% specifity and 
sensitivity (p<0.0001).

DISCUSSION
The aortic root is comprised of the sinotubular 

junction, SOV, the aortic annulus, and leaflets. The 
SOV ensures that the coronary artery blood flow is 
maintained throughout the cardiac systole and its 
normal diameter is less than 4.0 cm for men and 3.6 cm 
for women.[7] While performing ATAAD surgery, if 
significant SOV dilatation exists, root replacement 
techniques are added to standard aortic replacement 
procedures. As a prevalent trend, extensive surgery is 
avoided to refrain from perioperative high mortality 
and morbidity.[8] However, incorporating proximal 
root interventions in cases with dissections that extend 
close to the sinotubular junction may be promising 
for preventing patients from reoperations. Indeed, the 
surgeon has to face a more challenging approach in 
such cases.

Previous studies have demonstrated that a greater 
SOV diameter and the number of commissural 
detachments are significant risk factors for aortic-
related death or aortic root-related reoperations.[9] Our 
results supported this finding, with the development 
of SOV dilatation beyond the aneurysmatic limit 
being more frequent in patients whose SOV was 
wider preoperatively. We constructed a ROC curve for 
preoperative diameter values and found that 4.05 cm 
was a cut-off value for developing critical dilatation 
which would require reoperation in the future. This 
value can be crucial in regards to choosing the type of 
operation in AD patients. Further studies designed for 
this purpose are necessary to arrive at this conclusion.

A multi-center study from four cardiac surgery 
centers in Italy reported the results of implanting a 
Dacron® Valsalva graft for valve-sparing aortic root 
replacement.[10] In this study, the mean follow-up 
was 4.5 years and the authors concluded that the 
use of a Valsalva graft could be performed with 
satisfactory perioperative and mid-term results. Only 
11% of patients required reoperation due to the aortic 
valve insufficiency and the freedom from aortic 
valve reoperation rate was 91%. In a recent study 
including a very large cohort of patients, the SOV of 
a diameter greater than 4.5 cm was found to be a risk 
factor for proximal aortic reoperation.[11] In addition, 
root replacement was associated with smaller SOV 
diameters during follow-up.

Non-standardized clinical or scanning control 
times and evaluating CT angiographies by different 

radiologists are the main limitations to the present 
study. In addition, we identified a cut-off value to 
predict postoperative SOV dilatation, regardless of the 
body mass index (BMI) and body surface area (BSA) 
of the patients. However, BMI and, particularly BSA, 
can influence the normal aortic sizes as reported in 
recent studies.[12,13] The aortic sizes with respect to the 
BMI or BSA were unable to be analyzed, as the BMI 
and BSA data were not available.

In conclusion, follow-up using postoperative 
echocardiography or computed tomography 
angiography is of utmost importance for the 
assessment of development of sinus of Valsalva 
dilatation which requires reoperation in patients 
without intervention to the aortic root. In patients 
with a sinus of valsalva greater than 4.05 cm in 
diameter at the time of index operation, replacement 
of the aortic root, such as the Bentall or David 
procedures, may be considered.

Ethics Committee Approval: The study protocol was 
approved by the Health Sciences University Dr Siyami Ersek 
Haydarpaşa Training and Research Hospitals Ethics Committee 
(date: 01.11.2022, no: E-28001928-604.01.01). The study was 
conducted in accordance with the principles of the Declaration 
of Helsinki.

Patient Consent for Publication: A written informed 
consent was obtained from each patient.

Data Sharing Statement: The data that support the findings 
of this study are available from the corresponding author upon 
reasonable request.

Author Contributions: Concept: Y.K., S.Ö.K., C.U.K; 
Design: Y.K., C.U.K; Processing: Y.K.; Analysis and/or 
Interpretation: S.Ö.K, Y.K.; Literature Search: Y.K., S.O.K., 
C.U.K.; Writing: Y.K., S.Ö.K.

Conflict of Interest: The authors declared no conflicts of 
interest with respect to the authorship and/or publication of this 
article.

Funding: The authors received no financial support for the 
research and/or authorship of this article.

REFERENCES
1.	 Tsai TT, Trimarchi S, Nienaber CA. Acute aortic dissection: 

Perspectives from the International Registry of Acute Aortic 
Dissection (IRAD). Eur J Vasc Endovasc Surg 2009;37:149-
59. doi: 10.1016/j.ejvs.2008.11.032. 

2.	 Krüger T, Conzelmann LO, Bonser RS, Borger MA, Czerny 
M, Wildhirt S, et al. Acute aortic dissection type A. Br J Surg 
2012;99:1331-44. doi: 10.1002/bjs.8840. 

3.	 Bricker AO, Avutu B, Mohammed TL, Williamson EE, Syed 
IS, Julsrud PR, et al. Valsalva sinus aneurysms: Findings at 
CT and MR imaging. Radiographics 2010;30:99-110. doi: 
10.1148/rg.301095719. 



175

Köse Y, et al.
Dilated sinus of valsalva after dissection surgery

4.	 Bass D, Tivakaran VS. Sinus of valsalva aneurysm. 
StatPearls [Internet] https://www.ncbi.nlm.nih.gov/books/
NBK448198/

5.	 Galeczka M, Glowacki J, Yashchuk N, Ditkivskyy I, Rojczyk 
D, Knop M, et al. Medium- and long-term follow-up of 
transcatheter closure of ruptured sinus of Valsalva aneurysm 
in Central Europe population. J Cardiol 2019;74:381-7. doi: 
10.1016/j.jjcc.2019.03.012. 

6.	 Wierda E, Koolbergen DR, de Mol BAJM, Bouma BJ. 
Rupture of a giant aneurysm of the sinus of Valsalva 
leading to acute heart failure: A case report demonstrating 
the excellence of echocardiography. Eur Heart J Case Rep 
2018;2:yty090. doi: 10.1093/ehjcr/yty090. 

7.	 Troupis JM, Nasis A, Pasricha S, Patel M, Ellims AH, 
Seneviratne S. Sinus valsalva aneurysm on cardiac CT 
angiography: Assessment and detection. J Med Imaging 
Radiat Oncol 2013;57:444-7. doi: 10.1111/j.1754-
9485.2012.02467.x.

8.	 Rylski B, Beyersdorf F, Blanke P, Boos A, Hoffmann 
I, Dashkevich A, et al. Supracoronary ascending aortic 
replacement in patients with acute aortic dissection 
type A: what happens to the aortic root in the long run? 
J Thorac Cardiovasc Surg 2013;146:285-90. doi: 10.1016/j.
jtcvs.2012.07.013. 

9.	 Ikeno Y, Yokawa K, Yamanaka K, Inoue T, Tanaka H, Okada 
K, et al. The fate of aortic root and aortic regurgitation after 
supracoronary ascending aortic replacement for acute type A 
aortic dissection. J Thorac Cardiovasc Surg 2021;161:483-93.
e1. doi: 10.1016/j.jtcvs.2019.09.183. 

10.	 De Paulis R, Scaffa R, Nardella S, Maselli D, Weltert L, 
Bertoldo F, et al. Use of the Valsalva graft and long-term 
follow-up. J Thorac Cardiovasc Surg 2010;140(6 Suppl):S23-7. 
S45-51. doi: 10.1016/j.jtcvs.2010.07.060. 

11.	 Bojko MM, Assi R, Bavaria JE, Suhail M, Habertheuer A, Hu 
RW, et al. Midterm outcomes and durability of sinus segment 
preservation compared with root replacement for acute type 
A aortic dissection. J Thorac Cardiovasc Surg 2022;163:900-
910.e2. doi: 10.1016/j.jtcvs.2020.04.064.

12.	Jeyaprakash P, Moussad A, Pathan S, Sivapathan S, Ellenberger 
K, Madronio C, et al. A systematic review of scaling left 
atrial size: Are alternative indexation methods required for 
an increasingly obese population? J Am Soc Echocardiogr 
2021;34:1067-76.e3. doi: 10.1016/j.echo.2021.05.009.

13.	 Fung ASY, Soundappan D, Loewenstein DE, Playford D, 
Strange G, Kozor R, et al. Prognostic association supports 
indexing size measures in echocardiography by body surface 
area. Heart, Lung and Circulation 2021. doi: https://doi.org/1
0.1101/2021.12.09.21267530.


