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Abstract

Background: Ruptured aneurysms of sinus of Valsalva are defects of the aortic media, which are uncommon yet present
concomitantly with either ventricular septal defect, aortic insufficiency or both. Here, we analyse retrospectively outcomes of
patients operated on in the last two decades. Patients and Methods: 151 cases of ruptured aneurysms of sinuses of Valsalva
were treated here between January 2000 and December 2020. The majority (96%) arose from the right coronary sinus. The
right ventricular outflow was the most common site of rupture (56.2%). Ventricular septal defect was associated in 24 patients
(16%) all of whom had ruptured right sinus, of which 8 (33%) were of subpulmonic subtype. Aortic incompetence was found
in 45 patients (43.3%). Elective surgery was offered to 78 patients (51.6%), while the rest had defects closed by interventional
devices. Surgical conversion for device embolization occurred in 12 patients (7.94 %). The defect was closed through the aortic
root in 13 patients (14.4% of 90) and employing the bicameral technique (root and ruptured chamber) in the remaining 87
patients. 18 patients (20%) underwent aortic valve repair while 5 (5.5%) underwent aortic valve replacement. Results: We had
no hospital deaths, however 4 operated patients (2.6%) had comorbidities. Follow-up ranged from 1 to 20 years (mean 13 £ 5).
There were 3 deaths in this period, and among the majority, quality of life was uneventful. Conclusion: Surgical correction for
ruptured aneurysms of Valsalva provides prudent results and must be the preferred modality of treatment in acute and chronic

presentation.
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Abbreviations:

RSOV- Ruptured Sinus of Valsalva

NYHA- New York Heart Association

VSD- Ventricular Septal Defect

AR- Aortic Regurgitation

RVOT- Right ventricular outflow tract
CTR-Cardio-Thoracic Ratio

CXR- Chest Roentgenogram

ECG- Electrocardiogram

RBBB- Right Bundle Branch Block

LBBB- Left Bundle Branch Block

CHB- Complete Heart Block

INR- International Normalized Ratio

e-PTFE- expanded Poly Tetra Flouro Ethylene
SAM- Sub Aortic Membrane

OS-ASD- Ostium Secundum Atrial Septal Defect
PDA- Patent Ductus Arteriosus

2D Echo- 2Dimensional Echocardiography
Introduction:

Sinus of Valsalva aneurysm is a rare cardiac anomaly, with its etiology being congenital or acquired. It was
first described by John Thurman in 1840. Incidence is 0.14 to 3.5% in patients undergoing open heart surgical



procedures [1], and comprises up to 3.5% of all congenital cardiac anomalies with a higher incidence in Asian
(1.2% to 4.94%) than in Western population (0.5%-1.5%) [2]. RSOV can be congenital or acquired. Conge-
nital RSOV is due to weakness at the junction between the aortic media and the annulus fibrosus, whereas
acquired RSOV is secondary to infective endocarditis, syphilitic aortitis, atherosclerosis or connective tissue
disease [3,4]. Type I RSOV as per modified Sakakibara classification is the most common morphological type
[5]. The associated cardiac anomalies both VSD and aortic valve incompetence should always be carefully
looked for [4]. If RSOV is not treated, it may lead to myocardial infarction from compression of coronary ar-
tery, complete heart block from compression of conduction tissues, RVOT obstruction, infective endocarditis,
cardiac tamponade or may be a source of cerebrovascular emboli. Once rupture has occurred, mean survival
is 1 to 2 years. Death is usually due to congestive heart failure, but infective endocarditis has been the cause
of death in approximately 8% of cases [6]. Herein, we assess the postoperative outcomes of surgical repair
and device closure in the management of ruptured aneurysms of sinus of Valsalva cases at our institution
over a period of 20 years from 2001 till 2020.

Materials and methods:

This is a Retrospective case series where we have referred the medical records of the patients over the last
20 years after due permission from the Institutional Review Board and Informed Patient Consent obtained
from all operated patients as a matter of hospital policy and good clinical practice. From January 2001 till
December 2020, a total of 151 patients were diagnosed to have ruptured Sinus of Valsalva aneurysm at our
institute. 139 patients were reachable in the follow up interview over the telephone to ascertain their alive
and functional status.

All patients were evaluated by the cardiologist by a 2D-Echocardiography (2D Echo) and cardiac catheteri-
zation whenever indicated and those amenable to device closure were taken up for device closure. Candidates
who had the complication of device embolization post device closure and those with other associated lesions
such as large juxta arterial and peri membranous Ventricular Septal Defects (VSD), moderate to severe
Aortic Regurgitation (AR), Mitral Regurgitation (MR), Tricuspid Regurgitation (TR), Ostium Secundum
-Atrial Septal Defect (OS-ASD) not possible for device closure were referred for surgical management. Device
closure was performed using devices such as Cocoon VSD Occluder device (Vascular innovations, Natham-
bury, Thailand), Amplatzer Duct Occluder (AGA Medical Corporation, Golden Valley, MN). Associated
muscular VSD was closed using Amplatzer muscular VSD Occluder (AGA Medical Corporation, Golden
Valley, MN). Surgical repair was performed using cardiopulmonary bypass under moderate hypothermia.
For RSOV repair and VSD closure various patch materials such as autologous treated pericardial patch with
0.6% Glutaraldehyde, Dacron and e-PTFE. Intraoperatively, the presence or absence of associated VSD was
always looked for carefully irrespective of 2D-Echo and Cardiac Catheterization findings.

The statistical analysis was performed using RStudio (Vienna, version 4.2, 2020) software. A 20year survival
analysis was performed using Kaplan Meier regression model and with hazard ratio analysis. Categorical
variables were analyzed using Chi square test and numerical data was analyzed using Student’s t-test and
expressed as mean + standard deviation. Patients lost to follow-up were right-censored at the time of last
follow-up to avoid bias.

Results:

We observed a female predominance by 29%. Presenting symptoms were predominantly dyspnea ranging from
NYHA I-NYHA IV, majority in NYHA class IT (63%) & palpitations and other symptoms such as angina,
fatigue & heart failure. Continuous murmur with thrill was present all patients along the left parasternal
border. Preoperatively patients presented with several rhythm abnormalities such as sinus tachycardia, atri-
al fibrillation, Right Bundle Branch (RBBB), Left Bundle Branch Block (LBBB) & Complete Heart Block
(CHB) Table 1 . Chest roentgenograms (CXR) showed cardiomegaly of varying degrees, and the mean car-
diothoracic ratio (CTR) before operation was 58.3 £ 5.6. As per the modified Sakakibara classification [5],
Type I RSOV was the most common morphology of RSOV identified with prevalence of 38.4%. RSOV was
associated with several intracardiac lesions most common being Ventricular Septal Defect (VSD) 15.89%,



other associated lesions are Tricuspid Regurgitation (TR), Sub Aortic Membrane (SAM), Aortic Regurgita-
tion (AR), Mitral regurgitation (MR), pulmonary Regurgitation (PR), ostial secundum Atrial Septal Defect
(OS-ASD) Table 2 .

A total of 61 uncomplicated device closures (40.39%) have been performed. 12 cases (7.94%) had complication
of device embolization which were taken up for emergency device retrieval and RSOV repair. Elective surgical
repair of RSOV along with repair of associated intra cardiac lesions was performed in 78 cases (51.65%).
Bicameral approach using Trans Aortic-Trans Pulmonary, Trans Aortic-Trans Right Atrium, Trans Aortic-
Trans Left Atrium based on the type of associated lesions was most commonly used for repair of RSOV
in 77 cases (85.5%) both during elective and emergency surgeries. Autologous treated pericardium was the
most commonly used patch material in 61 cases (67.77%). Among the concomitant procedures, VSD patch
closure and Tricuspid valve repair using modified DeVega’s technique were the most commonly performed
procedures in 22 cases (24.44%). Aortic valve repair was performed using Trussler’s leaflet repair technique in
18 cases (20%) & Valve replacement was performed using TTK Chitra Valve (TTK Healthcare Ltd, Chennai,
India) in 5 cases (5.55%), SAM excision was performed in 10 cases (11.11%), Pulmonary valve repair & Right
Ventricular Outflow Tract (RVOT) muscle bundle resection in lcase each (1.11%), Patent Ductus Arteriosus
(PDA) ligation in 2 cases (2.22%) and ASD closure in 3 cases (3.33%) Table 3 .

During the postoperative period, 2 patients (2.22%) who underwent surgical repair for RSOV had ischemic
stroke of which 1patient underwent elective surgical RSOV repair and other patient underwent an emergency
RSOV repair following device embolization. 2 patients (2.22%) in the elective surgical repair arm develo-
ped Complete Heart Block (CHB) in the postoperative period and they were discharged after Permanent
Pace maker Implantation (PPI). The mean postoperative hospital stay in the device group was significantly
shorter compared to the elective surgical repair group 442 days vs 944 days (P<0.0001), but there was
no statistically significant difference observed with respect to the postoperative hospital stay between elec-
tive surgical repair group vs emergency surgical repair group post device embolization 94+4 vs 13+5 days
(P>0.05). On postoperative follow up 2D-Echocardiography, at 3months 1 patient (1.63%) in the device
closure arm had residual RSOV and was surgically repaired with bicameral approach. The device failure rate
in this study is calculated to be 17.8%. 3 patients (3.84%) in the elective surgical arm and 1patient (8.33%) in
the emergency surgical arm following device embolization continued to have severe left ventricular dysfunc-
tion on postoperative 3months and 12months follow up 2D-Echocardiography similar to their preoperative.
1 patient in the emergency surgical arm post device embolization who underwent concomitant Aortic Valve
repair was diagnosed to be having severe Aortic regurgitation on 3months follow up 2D-Echocardiography,
he underwent Aortic Valve replacement with mechanical prosthetic TTK Chitra Valve (TTK Healthcare
Ltd, Chennai, India) Table 4 .

Functional Class Assessment: Figure 1la, 1b

In an assessment at one-year follow-up to determine whether patients were relieved of their presenting
symptoms, a total of 4 patients reported no improvement in quality of life, thereby being interpreted as
NYHA functional class status quo. Mean follow-up duration was 67442 months for the entire cohort of
patients. Patients receiving surgical treatment were followed-up across a duration of 77447 months among
whom 3 patients (3.7%) reported no change in symptoms following surgery. Median duration for improvement
in symptoms among the remaining patients (75) who received surgical treatment was 1.5 months (range 1-
2 months) (p<0.001). Those patients who received percutaneous device closure were followed-up across
a duration of 54426 months among whom no patients reported discomfort presenting as symptoms. The
median duration for improvement was 1 month (range 0.6-1 month). Patients who had conversion from
percutaneous device closure to open surgical repair were followed up for a duration of 71455 months over 20
years. 1 patient (8.3%) was symptomatic even after treatment while the remaining subset of patients reported
relief in symptoms at a median duration of 1.25 months (range 1-3.25 months). A Chi square coefficient of
27.3 for a Mantel Haenszel test-statistic of P<0.001 shows a significant difference in symptom relief across
the three groups.

Survival analysis: Figure 2a, 2b



In our experience, there were no cases of in-hospital mortality (<30 days) & reoperation. All 7 mortalities
were within the range of 6 months-11 years (median of 7 years). With the Kaplan-Meier regression model,
we deduced an actuarial survival rate of 76.2% (C.I: 56.5-100) at the end of the 20-year study period. In
a mortality of seven patients, six patients who underwent corrective surgery succumbed to various causes
including cerebrovascular accidents and sudden death within a mean duration of 84+41 months following
surgery. One patient who underwent percutaneous device closure succumbed at 6 months following procedure.
Subgroup analysis of all three groups report an actuarial survival of 70.2% for the surgical group and
98.3% for the percutaneous device group over a 20year period. There were no early/ late mortalities in the
conversion groups. Study of significance between the mortalities across treatment groups with Log-log rank/
Mantel-Haenszel algorithm brought forward a test-statistic of 0.5, revealing no statistical difference across
the treatment groups.

Discussion:

Direct comparison of outcomes of RSOV device closure and surgical repair would be confounding when not
accounting complex concomitant lesions into perspective with recommended rules of practise in the present
milieu. The largest series of RSOV available is published by Kuriakose EM et al. [6] which is a systematic
review of 34 studies comprising of 877 patients over a span of 58 years from 1956-2014. Review of 16 studies
comprising of 741 patients in the surgical repair cohort with a mean follow up of 9 years and 37 studies
comprising 136 patients with a mean follow up of 5 years duration in the device closure cohort. Concomitant
aortic valve repair was performed in 20% of surgical cohort and the incidence of new onset AR post aortic
valve repair was found to be 1.8% and that of progressive AR was 6.8% which led to redo aortic valve
repair surgery rate of 4.2%. In the device closure group, conversion rate to open surgery of 2.9%. In the
device closure cohort, device failure rate is 2.9%. Outcomes of our series are comparable with the above
series as the concomitant aortic valve repair was performed in 20% of surgical repair group with an incidence
of progressive AR of 5.55%, which led to redo aortic valve surgery. The device failure rate in our study is
17.8%. which is high. In the systematic review by Kuriakose EM et al. [6], there was a cumulative early
(< 30days) mortality of 1.5% and that of late mortality is 3.2% in the surgical cohort. In our series there
is an actuarial survival of 70.2% for the surgical group and 98.3% for the percutaneous device group over
a 20year period. Moustafa S et al. [7] in their study had a survival rate of 63% at the end of 10 years in
the surgical cohort of RSOV repair. In an Indian study by Choudhary SK et al. [8] of 104 patients who
underwent surgical repair of RSOV, the early & late mortality was 2% over a follow up of 20-year period.
Yadav et al. [4], used bicameral approach for all patients in their study and concluded that the treatment of
choice for RSOV aneurysm is surgical repair with an in-hospital mortality rate of 5.2% and a 5-year survival
rate of 95% and freedom from reoperation was 100%. Determinants of success of repair must be patient-
centric and parameters from patients based on quality of life must be considered in evaluating the success
of any form of treatment. In our study, albeit there are three modalities being considered for comparison,
we have extensively tried to field NYHA functional class as a prognostic variable to determine outcomes
of the three treatment techniques in a larger effort to ascertain the best possible technique that is patient-
specific. We strongly believe that concomitant lesions must be addressed in the same sitting as the repair
without subjecting patients to adverse risks with multiple procedures, instead considered straight for surgery.
RSOV cases without associated lesions and competent aortic valve function must be candidates for device
closure. This helps streamline the bracket of patients with additional disease to receive non-competitive and
customized treatment in lieu of exposure to unnecessary peri and post-procedural risks.

Conclusion:

Though there is a significant difference with respect to short term outcomes such as earlier improvement in
NYHA functional class & quality of life with device closure compared to surgical repair of RSOV, there is no
discernable difference observed between the 2 treatment groups in terms of mortality across short term and
20 year follow up period and surgical repair is associated with less failure rate compared to device closure
of RSOV and associated lesions can be addressed in the same sitting, thus we conclude that in patients
with RSOV the option of device closure vs surgical repair should be chosen judiciously based on the clinical



presentation of the patient, morphology of the RSOV and other associated lesions.
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