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Background. Multiple valve sugery was performed
tilizing beating heart technique through simultaneous
ntegrade/retrograde perfusion with blood. We herein
eport our experience with this technique in patients
ith multiple valve disease processes.
Methods. Of 520 consecutive patients operated upon

tilizing this method between 2000 and 2007, 59 patients
nderwent multiple valve surgery. Mean age was 54.2 �
3.8 years (range, 21 to 83) with 41 males (69.5%) and 18
emales (30.5%). Double-valve and triple-valve opera-
ions were performed in 54 and 5 patients, respectively.

Results. Of 32 mitral valve replacements, there were 30
iological (93.8%) and 2 mechanical (6.2%) mitral valves.
ortic valve replacement was performed in 25 patients:

2 (88%) with biological and 3 (12%) with mechanical
rostheses. Two patients had mitral and tricuspid valve
epair. The most common procedure was mitral valve
eplacement plus tricuspid valve repair (16 patients;
7.1%), mitral valve replacement plus aortic replacement
14 patients; 23.7%), and mitral valve repair plus tricuspid
epair (13 patients; 22%). Concomitant coronary artery

ypass grafting was performed in 7 (11.8%) of 59 pa-
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ients. Mean hospital stay was 25.6 � 29.6 days (range, 3
o 195; median, 17). Early mortality (less than 30 days)
ccurred in 5 patients (8.4%), and late mortality (more
han 30 days) occurred in 2 patients (3.4%). Reoperation
or bleeding was needed in 5 patients (8.4%). Intra-aortic
alloon pump was required preoperatively and postop-
ratively in 4 and 1 patients, respectively. Clinical and
chocardiographic follow-up in 33 patients at 11.8 � 16.4
onths (range, 1 to 80) showed preserved postoperative

eft ventricular ejection fraction. Three patients had peri-
alvular leaks on follow-up but required no surgery.
ineteen patients were lost to follow-up.
Conclusions. This study demonstrates the feasibility

nd safety of beating heart techniques in multiple valve
perations. Further studies are needed to fully evaluate
he potential benefits of this method of myocardial per-
usion as a means to eliminate ischemia-reperfusion
njury, and to preserve ventricular function in multiple
alvular surgery.

(Ann Thorac Surg 2009;87:527–31)

© 2009 by The Society of Thoracic Surgeons
everal heart disease processes, namely, rheumatic
disease and endocarditis, may affect multiple cardiac

alves and may require double- or triple-valve opera-
ions [1]. Concomitant mitral and aortic valve replace-

ent was initially performed in the 1960s with the
evelopment of mechanical valves. Despite documented

mprovements in management of patients requiring mul-
iple valve surgery, satisfactory outcomes remain a chal-
enge, partly as result of prolonged periods of cardiopul-

onary bypass and myocardial ischemia [2].
Adequate myocardial protection is essential during
ultiple valve surgery. Alterations in myocardial con-

ractile function may lead to postoperative low cardiac
utput syndrome and, consequently, poor prognosis [3].
n spite of efforts to improve surgical outcomes of pa-
ients undergoing multiple valve operations, mortality
emains high [4]. High mortality rates can be partly
elated to conventional myocardial protection strategies,
hich may result in postoperative left ventricular dys-

ccepted for publication Oct 14, 2008.
unction. This is especially important in patients with
reoperative myocardial hypertrophy and in those with
oor ventricular function who require prolonged periods
f aortic cross-clamping [5].
Based on previous reports [6, 7], Salerno and colleagues

5] further refined a strategy of myocardial perfusion for
alve surgery that abolishes the use of hyperkalemic blood
ardioplegia and cardioplegic arrest. With this technique,
he heart is kept beating throughout the operation and is
erfused simultaneously in an antegrade/retrograde fash-

on with warm, oxygenated blood [5]. This technique elim-
nates ischemia-reperfusion injury, allowing for sustained
ormal myocardial energy metabolism throughout the pe-
iod of aortic clamping. The aim of this study is to report our
nitial clinical experience with beating heart technique in
atients requiring multiple valve surgery.

atients and Methods

rom June 2000 to November 2007, 520 consecutive pa-
ients with a variety of cardiac pathologies underwent
eating heart surgery at our institution utilizing the

yocardial perfusion strategies described above. Institu-

0003-4975/09/$36.00
doi:10.1016/j.athoracsur.2008.10.030
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ional Review Board approval for this study (HSRO study
0060204) was obtained to retrospectively review the
edical records of these patients, waiving the need for

nformed consent. Among them, 59 patients were diag-
osed with double- or triple-valve disorders and under-
ent multiple valvular procedures. The etiology of val-

ular disease was infective endocarditis (20 patients;
3.8%), rheumatic disease (4 patients; 6.7%), and degen-
rative disease in the remaining 35 patients (59%). In 9
atients, the endocarditic process involved the mitral
alve, whereas in 11 patients it affected both the mitral
nd the aortic valves. One patient had fungus endocar-
itis, and all others had bacterial endocarditis.
Preoperative demographics and clinical data are sum-
arized in Table 1. There were 41 males (69.5%) and 18

emales (30.5%). Mean age was 54.2 � 13.8 years (range,
1 to 83; median, 53). Preoperatively, 34 patients (57.6%)
ad hypertension, 13 (22.0%) had diabetes, 9 (15.3%) had
nd-stage renal disease, and 34 patients (57.6%) pre-
ented with congestive heart failure. Also, 4 patients
6.7%) had sepsis, 11 patients (18.6%) had coronary artery
isease, and 3 patients (5.1%) had a stroke before surgery

Table 1). Preoperative transesophageal echocardiogra-
hy revealed mitral regurgitation graded equal to, or
reater than, 3� (on a scale from 1� to 4�) in 29 patients
49.2%), tricuspid regurgitation in 11 (18.6%), aortic ste-

able 1. Patients’ Characteristics

ariables Number Percent

ge at surgery, years (range) 54.2 � 13.8 (21–83)
ale 41 69.5

emale 18 30.5
rocedure
Emergent/urgent 34 57.6
Elective 18 30.5
Salvage 7 11.8

ndocarditis 20 33.8
ospital stay, days (range) 25.6 � 29.6 (3–195)
ongestive heart failure 34 57.6
ypertension 34 57.6
iabetes mellitus 13 22
oronary artery disease 11 18.6
enal failure 9 15.2
epsis 4 6.7
troke 3 5.1
YHA functional class
II 2 3.4
III 24 40.6
IV 33 56

VEF, % (range) 39.4 � 17.9 (11–75)
EF �50% 18 30.5
EF � 31% to 50% 15 25.4
EF � 16% to 30% 23 39
EF �15% 3 5.1

VEF � left ventricular ejection fraction; NYHA � New York Heart
ssociation.
osis in 5 (8.5%), aortic insufficiency in 5 (8.5%), and
A
r

ntracardiac fistula in 1 patient (1.7%). Early mortality
as defined as death occurring within 30 days of surgery,
hereas late mortality was defined as death occurring

fter 30 days. Mean ejection fraction (EF) was 39.4% �
7.9% (range, 11% to 75%; median, 40%) based on echo-
ardiographic assessment (Table 1). Three patients (5.1%)
ad EF below 15%, 23 patients (39%) had EF between 16%
nd 30%, 15 patients (25.4%) between 31% and 50%, and
8 patients (30.5%) had EF above 50%. Renal failure was
efined as renal dysfunction with creatinine level greater

han 2.0 mg/dL. Heart failure was classified as per stan-
ard New York Heart Association functional class guide-

ines from I to IV, as shown in Table 1.
All patients received oral anticoagulation therapy as

linically indicated based on the type of valve prosthesis
tilized as well as on the presence or absence of comor-
idities such as atrial fibrillation. Clinical follow-up was
erformed by questionnaire, telephone calls, and review
f records relative to clinic visits.

urgical Technique
urgical procedures were performed at systemic cardio-
ulmonary bypass temperature of 34° to 35°C. After
eparinization, the ascending aorta and both superior
nd inferior venae cavae were cannulated. Cardiopulmo-
ary bypass was initiated and both cavae were snared.
or combined aortic and mitral valve surgery, the right
trium was opened and a purse-string of 40 polypro-
ylene was placed around the mouth of the coronary
inus. A catheter was inserted into the coronary sinus,
hich was then snared. Perfusion of the coronary sinus
as initiated with warm blood at mean pressures of 50
m Hg to 55 mm Hg, and flows greater than 280 mL/min.

he aorta was then cross-clamped, and the aortic root
as opened. The coronary ostia were cannulated with
olystan (Vital Core Inc, West Mont, IL) cannulas, con-
ected to the aortic cannula as inflow [5], thereby pro-
iding simultaneous antegrade and retrograde warm
lood myocardial perfusion. The aortic valve was excised,

able 2. Multiple Valve Operations

rocedure Number Percent

ouble valve
MV Rep � TVR 16 27.1
MV Rep � AV Rep 14 23.7
MVR � TVR 13 22
MVR � AV Rep 5 8.4
MVR � AVR 4 6.7
AVR � TVR 1 1.6
AV Rep � TV Rep 1 1.6

riple valve
MV Rep � TVR � AV Rep 2 3.3
MVR � TVR � AV Rep 2 3.3
MVR � TVR � AV Rep 1 1.6

otal 59 100
V � aortic valve; MV � mitral valve; R � repair; Rep �
eplacement; TV � tricuspid valve.
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nd the annulus was sized. Attention was then directed
o the interatrial septum, which was opened longitudi-
ally at the level of the oval fossa. The mitral valve was
xposed and either repaired or replaced. The interatrial
eptum was closed, paying attention to avoiding the
onduction system. Attention was then directed to the
ortic valve, which was replaced in the standard fashion.
he aorta was then closed after deairing maneuvers [5]. If

able 3. Operative Data

ariable Number Percent

PB time, minutes (range) 119.3 � 62.4 (45–324)
ABP, number of patients 5 8.4
CU stay, days (range) 8.1 � 3.3 (5–19)
omplications
Low-output syndrome 7 11.9
Prolonged ventilator 6 10.2
Reexploration for bleeding 5 8.4
Atrial fibrillation 5 8.4
Infection 3 5.1
Neurologic event 2 3.4
Renal failure 2 3.4
Myocardial infarction 0 0

PB � cardiopulmonary bypass; IABP � intra-aortic balloon pump;
CU � intensive care unit.

able 4. Patient Follow-Up

ariable Number Percent

ean follow-up, months (range) 11.8 � 16.4 (1–80)
reoperative LVEF, % (range) 39.4 � 17.9 (11–75)
EF �50% 18 30.5
EF � 31% to 50% 15 25.4
EF � 16% to 30% 23 39.0
EF �15% 3 5.1

ostoperative LVEF, % (range) 43.2 � 17.4 (10–70)
EF �50% 13 22.0
EF � 31% to 50% 11 18.6
EF � 16% to 30% 5 8.4
EF �15% 4 6.8
Unknown 26 44.0

ostoperative echocardiography
findings, n

33 55.9

No leak 30 91
Small perivalvular leak MV 2 6
Small perivalvular leak AV 1 3
eath 7 11.8
Late death 2 3.3
Early death 5 8.4
Heart failure 3 5
Multisystem organ failure 2 3.3
Unknown 2 3.3

ost to follow-up 19 32
M
V � atrial valve; LVEF � left ventricular ejection fraction; MV �
itral valve.
eeded, a tricuspid valve procedure was performed with
he heart perfused and beating, and the aorta unclamped.

esults

here were 18 elective (30.5%), 34 urgent/emergent
57.6%), and 7 “salvage” patients (11.8%) undergoing

ultiple valve procedures. Salvage operations were de-
ned as those performed under extreme conditions,
amely, for patients in critical condition, who were ven-

ilator dependent, in cardiogenic shock, had severe met-
bolic acidosis, were in septic shock, had a recent history
f cardiac arrest and cardiopulmonary resuscitation, and
ho had at least two organ failures. The most common
rocedure performed was mitral valve replacement as-
ociated with tricuspid repair (16 patients; 27.1%), mitral-
ortic valve replacement (14 patients; 23.7%), and mitral-
ricuspid valve repair (13 patients; 22%; Table 2).
oronary artery bypass graft surgery was performed

oncomitantly in 7 patients (11.8%). Other multiple op-
rations utilizing beating heart technique are listed in
able 2. There was 1 case of triple-valve surgery per-

ormed with concomitant oronary artery bypass graft
urgery.

Table 3 summarizes operative variables and observed
ate of postoperative complications. Mean cardiopulmo-
ary bypass time was 119.3 � 62.4 minutes (range, 45 to
24; median, 97). Mean prosthetic valve size was 28.4 �
.4 mm (range, 23 to 33 mm) and 21.9 � 2.0 mm (range, 19
o 27 mm) for mitral and aortic valve replacements,
espectively. None of the patients had perioperative
yocardial infarction. Major complications included low

utput syndrome in 7 patients (11.9%), need for pro-
onged mechanical ventilation in 6 (10.2%), and atrial
brillation in 5 (8.4%). Five patients (8.4%) underwent
eexploration for bleeding. Intra-aortic balloon pump
upport was required preoperatively in 4 patients (6.7%)
nd postoperatively in 1 patient (1.7%).
Table 4 summarizes postoperative and follow-up data.

ig 1. Preoperative (preop) versus postoperative (postop) ejection
raction (EF [%]) in 33 patients (p � 0.109). Effect of multiple valve
urgery on left ventricular EF estimated by echocardiography. There
as a trend toward higher EF in the postoperative state as compared
ith preoperative state by paired t test, although this did not reach

tatistical significance (p � 0.109).
ean length of hospital stay was 25.6 � 29.6 days (range,
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to 195; median, 17.0). Follow-up duration was 11.8 �
6.4 months (range, 1 to 90). Nineteen patients were lost
o follow-up. Early mortality occurred in 5 of 59 patients
8.4%): in 3 of 34 urgent patients (8.8%), and in 2 of 7
alvage patients (28.5%). There were 2 late deaths, causes
nknown. The causes of death for the other patients are

isted in Table 4. Echocardiographic follow-up data are
lso summarized in Table 4. Postoperative echocardio-
rapic data were available for 33 of 59 patients (56%). Of
he 33 patients evaluated, 33 (90%) had no perivalvular
eak or prosthetic valve dysfunction, whereas 3 had
erivalvular leak, as shown in Table 4.
For the 33 patients for whom preoperative and postop-

rative EF data was available (Fig 1), a comparison
etween preoperative and postoperative EF by paired t

est revealed a trend for greater EF postoperatively,
lthough this did not reach statistical significance (p �
.109).

omment

ultiple valve surgery is associated with high early and
ate operative mortality [8]. Optimal timing for surgery is
ot well established [9]. These procedures are technically
ore complex than isolated valve operations, they usu-

lly require prolonged periods of aortic cross-clamping,
nd they are associated with serious complications. Ef-
orts have been made in the past 2 decades to lower
perative mortality in multiple valve procedures. Despite
ecent developments in surgical techniques, anesthesia,
nd postoperative care, early and late mortality remains
igher for multiple valvular replacement procedures
ompared with isolated aortic and mitral valve replace-
ent [8–10]. Congestive heart failure and sudden death

11] have been shown to be the most frequent causes of
ortality during long-term follow-up. Also, preoperative

eft ventricular EF and tricuspid valve regurgitation have
een identified as risk factors after multiple valve surgery

11]. Decreased long-term survival has also been re-
orted in patients with severely reduced EF [11]. In these
atients, deterioration of ventricular function is likely the
esult of multiple valve disease processes [12]. However,
he effects of multiple valve pathology on the ventricular

yocardium may be compounded by perioperative myo-
ardial ischemia-reperfusion injury, as a result of pro-
onged aortic cross-clamping [12]. Although establishing
he relative impact of each of these two variables on

yocardial function may be difficult, myocardial isch-
mic injury likely plays an important role in this process.
Experimental studies by our group [13–17] demon-

trated decreased accumulation of extracellular fluid,
iminished lactate production, and greater preservation
f high energy stores when a strategy of myocardial
rotection with simultaneous antegrade/retrograde con-

inuous normothermic, normokalemic blood perfusion
as used. These findings provide the rationale and the

xperimental basis for using beating heart technique
hen prolonged periods of myocardial ischemia are

nticipated, as is the case during multiple valve opera-

ions. Clinically, isolated antegrade perfusion through i
he aorta is commonly used in conventional myocardial
rotective strategies. However, antegrade perfusion
lone does not ensure cardioplegia delivery beyond cor-
nary stenoses or in the presence of aortic insufficiency.
etrograde cardioplegic techniques overcome these lim-

tations but require larger cardioplegia volumes [18].
hese considerations, along with previous experimental
tudies supporting the use of simultaneous antegrade
nd retrograde myocardial perfusion, provided the basis
or using simultaneous antegrade/retrograde warm
lood perfusion in our beating heart valve operative
trategy.

Previous studies have shown that, when utilizing ret-
ograde perfusion alone with cardioplegia, aortic-mitral
alve surgery yields mortality of 5.1% to 8.3% [19]. Our
0-day overall mortality was 8.6% for multiple valve
perations with perfusion with warm blood antegrade
nd retrograde simultaneously. These results are compa-
able to those of other reports in the literature, reporting
ortality of 7.4% for double-valve surgeries [19]. Kuwaki

nd colleagues [20] reported early mortality of 9.9% for
atients undergoing aortic and mitral valve replacement,
ut there were no patients undergoing triple valve sur-
ery in their series. The type of combined mitral-aortic
alve surgery may also be a factor affecting outcomes of
hese patients. Gillinov and coworkers [21] observed
urvival advantage after mitral valve repair in patients
ndergoing double-valve procedures. Other reports [22,
3] have shown overall mortality from 5.4% to 7.9% after
ortic valve replacement combined with mitral valve
urgery. However, no survival benefit was identified
etween mitral valve repair and replacements. In our
eries, we performed a greater number of mitral valve
eplacements than mitral valve repairs in combination
ith aortic valve replacement (23.7% versus 15.1%). Un-

ortunately, owing to the relatively small sample size, we
ere unable to draw conclusions on the relative impact of

ype of mitral procedure on outcome. Reexploration for
leeding after multiple valve surgery has been found to
e associated with greater operative mortality as com-
ared with reexploration after isolated valve surgery [8,
3, 24]. The relatively low rate of reinterventions in our
eries could have favorably contributed to the observed
linical outcomes. Also, we did not observe neurologic
eficits in relation to air embolism, a potential concern
hen performing beating heart mitral valve surgery
ithout clamping the aorta.
With respect to possible contraindications to beating

eart technique during mitral valve surgery, in our
xperience these include the inability to obtain adequate
isualization of the mitral valve apparatus (especially
hen mitral repair is anticipated) and the presence of

xtensive mitral valve vegetations, where there is the risk
f embolization. Mild aortic insufficiency that does not
equire aortic valve replacement may also result in sig-
ificant back-bleeding into the left ventricle, as the mitral
etractor is placed into position to expose the mitral
alve. In some cases, that can be controlled by applying
xternal pressure on the aortic annulus by using a blunt

nstrument to improve aortic valve competency. In other
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ases, when proper visualization of the mitral valve
annot be obtained, the surgeon has the option of cross-
lamping the aorta and proceeding with cardioplegic
rrest. This situation was not encountered in this series of
atient. In relation to the beating heart approach to aortic
alve replacement, we did not observe any contraindica-
ion in this group of patients. However, when the aortic
oot is small, and the surgeon is unable to adequately
xpose the aortic valve apparatus, or maintain the coro-
ary perfusion catheters in place, or when there is
xtensive aortic calcification, the surgeon may resort to
yperkalemic cardioplegic arrest.
We acknowledge that our study has several important

imitations. In addition to the relatively small number of
atients, we were unable to compare beating heart pa-

ients with patients receiving conventional cardioplegic
echniques. The small sample size would have precluded

meaningful analysis of a patient population in which
ome patients were lost to follow-up and many variables
ould have affected outcomes (different valve disease
rocesses, age, EF, risk factors, and so forth). Avoidance
f myocardial ischemia could conceivably enhance long-
erm myocardial function. Our follow-up data suggest
hat this might be the case. However, further evidence is
eeded before beating heart technique can be advocated
s superior to conventional myocardial protective strate-
ies in the setting of multiple valve operations. Despite
hese limitations, our preliminary clinical experience
hows the feasibility and safety of double- or triple-valve
perations utilizing beating heart technique, at least for a
elatively small number of patients.

Outcomes obtained using this strategy of myocardial
rotection seem to compare favorably to those of histor-

cal series in which conventional myocardial protection
ith cardioplegic arrest were used. Further studies are
eeded to fully evaluate the potential benefits of this
ethod of myocardial perfusion as a means of eliminat-

ng ischemia-reperfusion injury in multiple valve
urgery.

eferences

1. Galloway AC, Grossi EA, Baumann FG, et al. Multiple valve
operation for advanced valvular heart disease: results and
risk factors in 513 patients. J Am Coll Cardiol 1992;19:725–32.

2. Alsoufi B, Rao V, Borger MA, et al. Short- and long-term
results of triple valve surgery in the modern era. Ann Thorac
Surg 2006;81:2172–8.

3. Remadi JP, Baron O, Tribouilloy C, et al. Bivalvular mechan-
ical mitral-aortic valve replacement in 254 patients: long-
term results—a 22-year follow-up. Ann Thorac Surg 2003;76:
487–92.

4. Gersh BJ, Schaff HV, Vatterott PJ, et al. Results of triple valve
replacement in 91 patients: perioperative mortality and
long-term follow-up. Circulation 1985;72:130–7.

5. Salerno TA, Panos AL, Tian G, et al. Surgery for cardiac
valve and aortic root without cardioplegic arrest (“beating
heart”): experience with a new method of myocardial per-

fusion. J Card Surg 2007;22:459–64.
6. Lillehei CW, Dewall RA, Read RC, et al. Direct vision
intra-cardiac surgery in man using a simple disposable
artificial oxygenator. Dis Chest 1956;24:1–7.

7. Lillehei CW, Dewall RA, Gott VL, et al. The direct vision
correction of calcific aortic stenosis by means of a pump-
oxygenator and retrograde coronary sinus perfusion. Chest
1956;30:123–32.

8. Turina J, Stark T, Seifert B. Predictors of the long-term
outcome after combined aortic and mitral valve surgery.
Circulation 1999;100:48–53.

9. Bonow RO, Carabello B, de Leon AC, et al. ACC/AHA
guidelines for the management of patients with valvular
heart disease: a report of the American College of Cardiol-
ogy/American Heart Association Task Force on Practice
Guidelines. J Am Coll Cardiol 1998;32:1486–588.

0. Horstokotte D, Loogen F, Kleilamp G, et al. The influence of
heart-valve replacement on the natural history of isolated
mitral, aortic and multivalvular disease: clinical results in
783 patients up to 8 years after implantation of Bjork-Shiley
tilting-disc prostheses. Z Kardol 1983;72:494–503.

1. Mueller XM, Tevacarai HT, Stumpe F, et al. Long-term
results of mitral-aortic valve operation. J Cardiothorac Car-
diovasc Surg 1998;115:1298–309.

2. Matsumoto Y, Watanabe G, Endo M, et al. Efficacy and
safety of on-pump beating heart surgery for valvular dis-
ease. Ann Thorac Surg 2002;74:678–83.

3. Calcaterra D, Ricci M, Salerno TA. A new technique for
perfusion of the heart during aortic valvular surgery on a
beating heart. J Card Surg 2007;22:432–33.

4. Ihnken K, Morita K, Buckberg GD, et al. The safety of
simultaneous arterial and coronary sinus perfusion: experi-
mental background and initial clinical results. J Cardiac Surg
1994;9:15–25.

5. Ihnken K, Morita K, Buckberg GD, et al. Simultaneous
arterial and coronary sinus cardioplegic perfusion: an exper-
imental and clinical study. Thorac Cardiovasc Surg 1994;42:
141–7.

6. Wang J, Liu H, Salerno TA, et al. Does normothermic
normokalemic simultaneous antegrade/retrograde perfu-
sion improve myocardial oxygenation and energy metabo-
lism for hypertrophied hearts? Ann Thorac Surg 2007;83:
1751–8.

7. Wang J, Liu H, Salerno TA, et al. Keeping heart empty and
beating improves preservation of hypertrophied hearts for
valve surgery. J Thorac Cardiovasc Surg 2006;132:1314–20.

8. Buckberg GD, Drinkwater DC, Laks H. A new technique for
delivering antegrade/retrograde blood cardioplegia without
right heart isolation. Eur J Cardiothorac Surg 1990;4:163–8.

9. 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;5:182–6.

0. Kuwaki K, Tsukamoto M, Komatsu K, et al. Simultaneous
aortic and mitral valve replacement: predictors of adverse
outcome. J Heart Valve Dis 2003;12:169–76.

1. Gillinov AM, Blackstone EH, Cosgrove DM, et al. Mitral
valve repair with aortic valve replacement is superior to
double valve replacement. J Thorac Cardiovasc Surg 2003;
125:1372–87.

2. Talwar S, Mathur A, Choudhary SK, et al. Aortic valve
replacement with mitral valve repair compared with com-
bined aortic and mitral valve replacement. Ann Thorac Surg
2007;84:1219–25.

3. McGonigle NC, Jones JM, Sidhu P, et al. Concomitant mitral
valve surgery with aortic valve replacement: a 21-year expe-
rience with a single mechanical prosthesis. J Cardiothorac
Surg 2007;2:24.

4. Hammermeister KE, Sethi GK, Henderson WG, et al. Com-
parison of outcome in men 11 years after heart-valve re-
placement with a mechanical valve or bioprosthesis. N Engl

J Med 1993;328:1289–96.


	Multiple Valve Surgery with Beating Heart Technique
	Patients and Methods
	Surgical Technique

	Results
	Comment
	References


