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Abstract
Background: Rupture of aneurysms of the sinus of Valsalva results in abrupt onset of congestive heart failure. On-
pump beating-heart surgery may reduce cardiac impairment by maintaining coronary blood flow and avoiding 
cardioplegia. Herein, we report the operative correction of thirty-one patients of ruptured aneurysms of the sinus of 
Valsalva, using the on-pump beating-heart technique.

Methods: Thirty-one patients with ruptured aneurysms of the sinus of Valsalva underwent operative corrections using 
the on-pump beating-heart technique. In patients with fistula diameter less than 1 cm and no aortic regurgitation, the 
aorta was unclamped throughout cardiopulmonary bypass(CPB) while receiving antegrade heart perfusion. In 
remainder of patients, retrograde perfusion was used.

Results: After intracardiac manipulation was complete and the nasopharyngeal temperature was raised to 36-37°C, 
the patients were smoothly weaned off CPB. There were no early or late postoperative deaths. All patients were in New 
York Heart Association functional class I at follow-up (range, 0.5-1 year). Mild-to-moderate aortic valve regurgitation 
was observed in one patient. No recurrence of the left-to-right shunt from ruptured aneurysms of the sinus of Valsalva 
was observed.

Conclusions: Beating heart on pump allows adequate examination of the aortic lesion under near-physiologic 
conditions, allows decrease in ischemia-reperfusion injury and potentially decreases the risk of serious or fatal rhythm 
disturbances. On-pump beating-heart technique for repair of ruptured aneurysm of sinus of Valsalva is feasible and 
promising. Antegrade heart perfusion is suitable for patients with a fistula diameter <1 cm and no aortic regurgitation, 
and retrograde perfusion is suitable for the others.

Background
Rupture aneurysms of the sinus of Valsalva usually results
in abrupt onset of congestive heart failure. Repair of
intracardiac teratosis is always performed under car-
dioplegic arrest. This might cause cardiac impairment
leading to low postoperative cardiac output [1-12].
Therefore, myocardial protection is key to the success of
these operations. Evidence from experimental and clini-
cal work has demonstrated that on-pump beating-heart
surgery reduces further cardiac impairment by maintain-

ing coronary blood flow and avoiding cardioplegia [13-
18].

Based on our previous reports [19], we have further
introduced on-pump beating-heart technique for correc-
tion of ruptured aneurysms of sinus of Valsalva, and have
determined the optimal heart perfusion for different situ-
ations.

Methods
Patients
A retrospectively review carried out of 31 consecutive
patients with ruptured aneurysms of the sinus of Valsalva,
who were operated upon using on-pump beating heart
technique between March 1, 1993 and December 30,
2007. Preoperative variables and surgical procedures are
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summarized in Tables 1 and 2, respectively. The study
was approved by the Institutional Human Ethics Com-
mittee, and all patients gave consent for the procedure.

Operative procedure
Surgical repair was performed using CPB via a median
sternotomy on a beating heart with mild hypothermia
(32-34°C). The technique of CPB and heart perfusion is
reported in our previous study [13]. In brief, cardiopul-
monary bypass was instituted via double atrial and aortic
cannulation. During antegrade heart perfusion, the pres-
sure of the proximal segment of the aortic root was main-
tained at 50-80 mmHg. During retrograde heart
perfusion, a flow rate of 200-300 mL/min, together with a
coronary sinus pressure of 45-60 mmHg was maintained.

In patients with fistula diameter less than1 cm and no
aortic regurgitation, the aorta was unclamped through-
out CPB. Antegrade heart perfusion was performed via
the arterial cannula. During the procedure, the commu-
nication between aorta and chamber was obliterated
using finger, followed in a Foley catheter, inflated with
water. The techniques used to close the ruptured orifice

and ventricular septal defect in the beating heart were
similar to those using cardioplegic arrest.

In patients with fistula diameter greater than 1 cm, who
also had aortic regurgitation, retrograde perfusion was
used; the perfusate from CPB was delivered via a catheter,
at a flow rates of 200-300 mL/min, and pressure of 45-60
mmHg. During retrograde perfusion, a Foley catheter
was not required to stop flow in the shunt. An aortotomy
was performed to close the aneurysms and repair the aor-
tic valve, as is performed in arrested hearts. After the
intracardiac procedures were completed, standard de-air-
ing maneuvers were emplyed. Transesophageal echocar-
diography(TEE) evaluated the condition of the aortic
valve during the procedures. Perfusion adequacy was
monitored by electrocardiography, blood returning from
the coronary ostia, and myocardial color. After comple-
tion of the intracardiac manipulation, the nasopharyngeal

Table 1: Patient Characteristics

Variable N (n = 31)

Male/female 23/8

Age (years) 26.06 ± 6.71

Time interval between onset 
of symptoms and operation 
(days)

137.97 ± 159.73

Fistula

NS-RA 4

RS-RA 9

RS-RV 18

Diameter of the fistula

≤1 cm 28

>1 cm 3

NYHA functional class

II 6

III 10

IV 15

Coexistent lesion

Ventricular septal defect 9

Aortic regurgitation 7

Subaortic stenosis 1

Right ventricular outlet 
stenosis

1

NYHA = New York Heart Association, LV = left ventricle, RA = right 
atrium, RV = right ventricle, NS = noncoronary sinus of Valsalva, 
RS = right coronary sinus of Valsalva

Table 2: Procedures Performed

Variable N(n = 31)

Surgical approach

RA 9

RV 15

Ao 4

Ao+RV 3

Techniques for repair

Simple closure 14

Patch closure 17

Coexistent lesion correction

Simple closure 
ventricular septal defect

5

Patch closure ventricular 
septal defect

4

Aortic valvuloplasty 1

Aortic valve 
replacement

6

Right ventricular 
outflow construction

1

Radical resection 
subaortic stenosis

1

The time of cardiopulmonary 
bypass

60.26 ± 21.86

Method for perfusing the 
coronary vasculature

Antegrade perfusion 22

Retrograde perfusion 9

The time of cross-clamping 
for retrograde perfusion

42.50 ± 12.47

LV = left ventricle, RA = right atrium, RV = right ventricle, Ao = 
aorta
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temperature was raised to 36-37°C, and weaning from
CPB was initiated.

Aortic valve replacement and ventricular septal defect
repair using this technique have been explained in our
previous study [13]. Aortic valvuloplasty, right ventricu-
lar outflow construction, and radical resection of subaor-
tic stenosis were performed as in arrested hears.

Results
There were no early or late deaths. All patients were in
New York Heart Association (NYHA) functional class I at
late follow-up (range, 0.5-1 year). Mild-to-moderate aor-
tic valve regurgitation was observed in one patient. There
was no recurrence of left-to-right shunt from the rup-
tured aneurysms of the sinus of Valsalva or aortic regur-
gitation due to sinus of Valsalva distortion.

Discussion
Mean survival rate of patients with ruptured aneurysms
of the sinus of Valsalva is 1-2 years. Congestive heart fail-
ure is known to be the main cause of death [20]. Hence,
the presence of left-to-right shunt caused by ruptured
aneurysms of the sinus of Valsalva is an indication for
surgical intervention. Presence of congestive heart failure
suggests a large shunt, and warrants urgent operation.
Conventional myocardial protection strategies may fur-
ther impair left ventricular function due to ischemia-rep-
erfusion injury. This is particularly so in patients with
additional cardiac abnormalities that are concomitantly
corrected with ruptured aneurysms of the sinus of Val-
salva. Therefore, better myocardial protection strategies
are very important in patients with congestive heart fail-
ure or coexistent lesions. On-pump beating-heart surgery
is characterized by avoidance of ischemia-reperfusion
injury and cardioplegia [13-19]. It may benefit to patients
with ruptured aneurysms of the sinus of Valsalva. In our
study, all operations were performed on a beating heart.
There was no postoperative low cardiac output syndrome
or serious arrhythmias.

During on-pump beating-heart surgery, perfusion road
was determined on the basis of coexistence of aortic
regurgitation or diameter of the fistula. In patients with
aortic regurgitation or in whom the diameter of the fis-
tula was >1 cm, retrograde perfusion was used. In other
patients, antegrade perfusion was used. In our study, ret-
rograde perfusion was used in nine patients, and ante-
grade perfusion was used in twenty two patients. During
retrograde perfusion, the shunt was obliterated after the
aorta was cross-clamped, and a bloodless field was
obtained. However, during antegrade perfusion, to obtain
a bloodless field, a Foley's catheter was inflated with
water across the shunt temporarily. Patients with com-
bined lesions of ventricular septal defect and aortic
regurgitation were easily treated using on-pump beating-

heart technique. TEE was used to evaluate the aortic
valve during the procedures and to guide de-airing. Ante-
grade perfusion is more physiological than retrograde
perfusion, and retrograde perfusion does not provide
adequate protection to the hypertrophied heart in an
empty and beating state [21]. Nevertheless, the postoper-
ative recovery of patients using retrograde perfusion in
the present and other studies [22-24] was excellent.
Besides, surgical correction of ruptured aneurysms with
antegrade perfusion is technically a little more demand-
ing than with retrograde perfusion because of the higher
pressure of the proximal segment of the aortic root and
the large shunt. Thus, in the patients with a fistula diame-
ter >1 cm, retrograde perfusion was used.

The surgical approach for closure of a ruptured aneu-
rysm of the sinus of Valsalva was determined on the basis
of its position and coexistent lesions. In patients without
coexistent cardiac lesions, the fistulae were repaired
within the chamber into which they ruptured. There are
three approaches to repair ruptured aneurysms of the
sinus of Valsalva: via the terminal chamber, via the aortic
root, and via a combined approach. Transaortic repair of
ruptured aneurysms of the sinus of Valsalva may cause
postoperative aortic regurgitation as a result of progres-
sive distortion of the aortic sinus geometry [25]. How-
ever, others propose that a combined approach offers
more advantages. Thus meticulous closure of the fistula
as well as effective myocardial protection via cardioplegic
arrest may decreased the incidence of late aortic insuffi-
ciency [4,26,27]. However, with on-pump beating-heart
surgery, the advantages offered by the combined
approach were achieved using TEE. The condition of the
aortic valve could be evaluated under near-physiological
conditions. In patients without associated aortic regurgi-
tation, repairs were performed via the cardiac chamber
into which rupture occurred. In patients with associated
aortic regurgitation, closure of the aneurysms and aortic
valve surgery were performed via the aortotomy
approach. In patients with associated ventricular septal
defect, a right ventricular incision was required.

The limitations of the study are (1) this was a cohort
study performed at one institution, without a control
group of patients. Other clinics might have different
experiences, (2) this was a retrospective study and the dif-
ferent results among patients could represent preferences
of the surgeons and anesthesiologists. This could have
influenced the morbidity and long-term functional sta-
tus, and (3) there was a relatively short follow-up period.
Longer follow-up period may reveal the durability of this
procedure performed on the beating heart.

Conclusion
Beating heart on pump allows adequate examination of
the aortic lesion under near-physiologic conditions,
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allows decrease in ischemia-reperfusion injury and
potentially decrease the risk of serious or fatal rhythm
disturbances. On-pump beating-heart technique for
repair of ruptured aneurysm of sinus of Valsalva is feasi-
ble and promising. Antegrade heart perfusion is suitable
for patients with a fistula diameter <1 cm and no aortic
regurgitation, and retrograde perfusion is suitable for the
rest.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
AM conceived the study, participated in its design and coordination, and per-
formed the statistical analysis. HL conceived the study, and participated in its
design and coordination. Both authors have read and approved the final man-
uscript.

Author Details
Department of Cardiothoracic Surgery, The People's Hospital of Guangxi 
Zhuang Autonomous Region, Nanning 530021, China

References
1. Murashita T, Kubota T, Kamikubo Y, Shiiya N, Yasuda K: Long-term results 

of aortic valve regurgitation after repair of ruptured sinus of valsalva 
aneurysm.  Ann Thorac Surg 2002, 73:1466-1471.

2. Zhao G, Seng J, Yan B, Wei H, Qiao C, Zhao S, Zhao W, Zhi X: Diagnosis and 
surgical treatment of ruptured aneurysm in sinus of Valsalva.  Chin Med 
J (Engl) 2003, 116:1047-1050.

3. Lukács L, Bartek I, Haán A, Hankóczy J, Arvay A: Ruptured aneurysms of 
the sinus of Valsalva.  Eur J Cardiothorac Surg 1992, 6:15-17.

4. Harkness JR, Fitton TP, Barreiro CJ, Alejo D, Gott VL, Baumgartner WA, Yuh 
DD: A 32-year experience with surgical repair of sinus of valsalva 
aneurysms.  J Card Surg 2005, 20:198-204.

5. Moustafa S, Mookadam F, Cooper L, Adam G, Zehr K, Stulak J, Holmes D: 
Sinus of Valsalva aneurysms--47 years of a single center experience 
and systematic overview of published reports.  Am J Cardiol 2007, 
99:1159-1164.

6. Barragry TP, Ring WS, Moller JH, Lillehei CW: 15- to 30-year follow-up of 
patients undergoing repair of ruptured congenital aneurysms of the 
sinus of Valsalva.  Ann Thorac Surg 1988, 46:515-519.

7. Holman WL: Sinus of Valsalva aneurysms and application of surgical 
science to their repair.  Ann Thorac Surg 1993, 55:545-551.

8. Naka Y, Kadoba K, Ohtake S, Sawa Y, Hirata N, Nishimura M, Matuda H: The 
long-term outcome of a surgical repair of sinus of valsalva aneurysm.  
Ann Thorac Surg 2000, 70:727-972.

9. Au WK, Chiu SW, Mok CK, Lee WT, Cheung D, He GW: Repair of ruptured 
sinus of valsalva aneurysm: determinants of long-term survival.  Ann 
Thorac Surg 1998, 66:1604-1610.

10. Abe T, Komatsu S: Surgical repair and long-term results in ruptured 
sinus of Valsalva aneurysm.  Ann Thorac Surg 1988, 46:520-535.

11. Wang ZJ, Zou CW, Li DC, Li HX, Wang AB, Yuan GD, Fan QX: Surgical repair 
of sinus of Valsalva aneurysm in Asian patients.  Ann Thorac Surg 2007, 
84(1):156-160.

12. Li F, Chen S, Wang J, Zhou Y: Treatment and outcome of sinus of valsalva 
aneurysm.  Heart Lung Circ 2002, 11:107-111.

13. Mo A, Lin H, Wen Z, Lu W, Long X, Zhou Y: Efficacy and safety of on-
pump beating heart surgery.  Ann Thorac Surg 2008, 86:1914-1918.

14. Gersak B, Sutlic Z: Aortic and mitral valve surgery on the beating heart is 
lowering cardiopulmonary bypass and aortic cross clamp time.  Heart 
Surg Forum 2002, 5:182-186.

15. Gersak B: Mitral valve repair or replacement on the beating heart.  Heart 
Surg Forum 2000, 3:232-237.

16. Cicekcioglu F, Tutun U, Babaroglu S, Aksoyek A, Parlar AI, Mungan U, Tosya 
A, Tuncel C, Demirtas E, Katircioglu SF: Aortic valve replacement with on-
pump beating heart technique.  J Card Surg 2007, 22:211-214.

17. Wang J, Liu H, Xiang B, Li G, Gruwel M, Jackson M, Tomanek B, Salerno TA, 
Deslauriers R, Tian G: Keeping the heart empty and beating improves 
preservation of hypertrophied hearts for valve surgery.  J Thorac 
Cardiovasc Surg 2006, 132:1314-1320.

18. Yingbin X, Lin C, Xuefeng W, Qianjin Z, Jinjin C, Bocheng C: On-Pump 
Beating-Heart Intracardiac Procedures in 2100 Cases.  Chin J ECC 2006, 
4:210-212.

19. Hui L, Wei H, Qingyun P, Shifeng W, Qianchuang F, Rengzhu W: Surgical 
correction of ruptured sinus of the Valsalva aneurysm with on-pump 
beating heart technique.  Journal of Cardiovascular and Pulmonary 
Diseases 1998, 17:207-208.

20. Ott DA: Aneurysm of the sinus of valsalva.  Semin Thorac Cardiovasc Surg 
Pediatr Card Surg Annu 2006:165-176.

21. Wang J, Liu H, Salerno TA, Tomanek B, Summers R, Deslauriers R, Arora RC, 
Tian G: Alternate antegrade/retrograde perfusion: an effective 
technique to preserve hypertrophied hearts during valvular surgery.  
Eur J Cardiothorac Surg 2009, 35(1):69-76.

22. Hui L, Wei H, Tangwei L, Qin J, Yuzhong L, Shouhe L, Baoshi Z: Aortic and 
mitral valve replacement with retrograde perfusion in the beating 
heart.  Chin Med J (Engl) 2001, 114:1180-3.

23. Matsumoto Y, Watanabe G, Endo M, Sasaki H, Kasashima F, Kosugi I: 
Efficacy and safety of on-pump beating heart surgery for valvular 
disease.  Ann Thorac Surg 2002, 74:678-83.

24. Gersak B: A technique for aortic valve replacement on the beating 
heart with continuous retrograde coronary sinus perfusion with warm 
oxygenated blood.  Ann Thorac Surg 2003, 76:1312-4.

25. Jung SH, Yun TJ, Im YM, Park JJ, Song H, Lee JW, Seo DM, Lee MS: 
Ruptured sinus of Valsalva aneurysm: transaortic repair may cause 
sinus of Valsalva distortion and aortic regurgitation.  J Thorac Cardiovasc 
Surg 2008, 135:1153-1158.

26. van Son JA, Danielson GK, Schaff HV, Orszulak TA, Edwards WD, Seward JB: 
Long-term outcome of surgical repair of ruptured sinus of Valsalva 
aneurysm.  Circulation 1994, 90:II20-II29.

27. Morgan JR, Rogers AK, Fosburg RG: Ruptured aneurysms of the sinus of 
Valsalva.  Chest 1972, 61:640-643.

doi: 10.1186/1749-8090-5-37
Cite this article as: Mo and Lin, Surgical correction of ruptured aneurysms of 
the sinus of Valsalva using on-pump beating-heart technique Journal of Car-
diothoracic Surgery 2010, 5:37

Received: 19 October 2009 Accepted: 14 May 2010 
Published: 14 May 2010
This article is available from: http://www.cardiothoracicsurgery.org/content/5/1/37© 2010 Mo and Lin; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.Journal of Cardiothoracic Surgery 2010, 5:37

http://www.cardiothoracicsurgery.org/content/5/1/37
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12022534
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12890381
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1543597
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15725151
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17437748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3190324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8431081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11016301
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9875759
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=3190325
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17588403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16352078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19022008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12125670
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11074978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17488416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17140949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16638563
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19041253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11729515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12238823
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14530044
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18455598
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7955253
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=5031757

	Abstract
	Background:
	Methods:
	Results:
	Conclusions:

	Background
	Methods
	Patients
	Operative procedure

	Results
	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Author Details
	References

