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Introduction

The benefits of minimally invasive valve surgery are 
well recognized when compared with a standard median 
sternotomy, in terms of reduced blood loss and less post-
operative pain, and reductions in morbidity, hospital lengths 
of stay, and costs (1-4). Of all the potential benefits, an 
enhanced recovery with a faster return to normal activity is 

the most consistent finding (5). These advantages are seen 
particularly in high-risk populations, such as elderly and 
obese patients, and in those who undergoing re-operative 
valve surgery (6-12). However, data evaluating the feasibility 
and benefits of minimally invasive double valve surgery are 
limited (13-15). Our study aim was to analyze the outcomes 
of minimally invasive double valve surgery, performed via a 
right thoracotomy approach. 
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Methods

With Institutional Review Board approval, the institutional 
Society of Thoracic Surgeons database was retrospectively 
reviewed from January 2009 to December 2011, to identify 
patients who underwent minimally invasive repair or 
replacement of two simultaneous valves (double valve 
surgery). Excluded were patients in cardiogenic shock, 
those requiring emergency surgery, patients with prior 
valve surgery, or those who underwent concomitant cardiac 
surgical procedures such as coronary artery bypass grafting, 
surgery of the aorta, or triple valve surgery. We have 
previously published our results of patients undergoing 
combined mitral and tricuspid valve surgery, and some of 
those patients are included in this study (13). 

All collected data were reviewed, including pertinent 
diagnostic testing prior to admission, operative reports, 
post-operative outcomes and discharge documentation. The 
total operative times, as well as the intensive care unit and 
postoperative length of stays were reviewed. The outcome 
variables evaluated were: prolonged mechanical ventilation 
(>24 hours), re-intubation, development of acute kidney 
injury, bleeding requiring re-operation, cerebrovascular 
accident, sepsis, post-operative atrial fibrillation, and  
in-hospital mortality. 

Our approach to minimally invasive double valve surgery 
has been previously described in detail, and involves 
the utilization of a right thoracotomy (14). In summary, 
cardiopulmonary bypass was established utilizing a femoral 
platform. For combined aortic and mitral valve surgery, 
and for combined aortic and tricuspid procedures, a 6–7 cm  
incision was performed over the 4th intercostal space 
starting at the mid-clavicular line and extended laterally. For 
mitral and tricuspid valve surgery, the incision was made at 
the right 4th to 5th intercostal space, at the anterior axillary 
line. In the patients with prior coronary artery bypass 
grafting undergoing mitral and tricuspid valve surgery, 
moderate-to-deep hypothermia (24–26 ℃) was utilized with 
fibrillatory arrest. 

Statistical analysis

All variables are reported as the mean ±1 standard deviation 
(SD), median and interquartile range (IQR, 25–75%), or 
number (N) and percentage. The statistical software utilized 
for the analyses was the Statistical Package for Social 
Sciences, version 21 (SPSS Inc., Chicago, IL, USA). 

Results

A total of 117 patients underwent double valve surgery 
during the study timeframe, consisting of 68 (58.1%) 
females and 49 (41.9%) males. The mean age and left 
ventricular ejection fraction were 73±11 years and 52±11%, 
respectively. Forty-three (36.8%) patients had congestive 
heart failure, 45 (38.5%) had chronic obstructive pulmonary 
disease, and 5 (4.3%) had a history of chronic kidney 
disease. There were 11 (9.4%) patients who had undergone 
prior coronary artery bypass graft surgery (Table 1). The 
types of surgery performed consisted of 50 (42.7%) aortic 
valve replacement and mitral valve repair, 31 (26.5%) mitral 
and tricuspid valve repair, 18 (15.4%) aortic and mitral 
valve replacement, 17 (14.5%) mitral valve replacement and 
tricuspid valve repair, and 1 (0.9%) aortic valve replacement 
and tricuspid valve repair. The median aortic cross-clamp 
and cardiopulmonary bypass times were 110 minutes (IQR 
94–136), and 141 minutes (IQR 121–180) (Table 2). 

No patient required conversion to median sternotomy. 
Post-operatively, the median intensive care unit length of 
stay was 70 hours (IQR 46–135). There were 40 (34.2%) 
cases of prolonged mechanical ventilation, 9 (7.7%) cases 
of acute kidney injury, 6 (5.1%) re-operations for bleeding, 
1 (0.9%) cerebrovascular accident, and 15 (12.8%) cases of 
atrial fibrillation. The mean total inpatient length of stay 
was 12±12 days, with an in-hospital mortality of 2 (1.7%) 
(Table 3).

Discussion 

Double valve surgery accounts for 10% of valve procedures 
performed in the United States (16). Patients requiring a 
multiple valve operation have an operative mortality that 
is more than twice that of single valve operations, which is 
cited at 9.7% for patients undergoing combined mitral and 
tricuspid valve surgery, 10.7% for those undergoing aortic 
and mitral valve surgery, and 13.2% for those underdoing 
aortic and tricuspid valve surgery (17). Since a minimally 
invasive approach has been shown to be associated with a 
decreased morbidity, shorter hospital lengths of stay, and an 
enhanced recovery with a faster return to normal activity 
when compared with median sternotomy valve operations, 
we hypothesized that higher-risk patients such as those 
undergoing double valve surgery may benefit from this 
approach (5,18). 

The present study demonstrated an excellent in-hospital  
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Table 3 Post-operative outcomes

Variables n=117

Ventilation time (hours, median, IQR) 21 [18–43]

Intensive care unit length of stay  
(hours, median, IQR)

70 [46–135]

Prolonged mechanical ventilation 40 (34.2%)

Re-intubation 12 (10.3%)

Acute kidney injury 9 (7.7%)

Re-operation for bleeding 6 (5.1%)

Cerebrovascular accident 1 (0.9%)

Sepsis 3 (2.6%)

Atrial fibrillation 15 (12.8%)

Post-operative hospital length of stay  
(days, mean ± SD) 

12±12

In-hospital mortality 2 (1.7%)

SD, standard deviation; IQR, interquartile range.

Table 1 Patient baseline characteristics

Variables n=117

Age (mean ± SD) 73±11

Males 49 (41.9%)

Ejection fraction (mean ± SD) 52±11%

Hypertension 108 (92.3%)

Diabetes mellitus 38 (32.5%)

Renal failure 5 (4.3%)

Chronic obstructive pulmonary disease 45 (38.5%)

Coronary artery disease 39 (33.3%)

Previous coronary artery bypass surgery 11 (9.4%)

Previous percutaneous coronary intervention 22 (18.8%)

Congestive heart failure 43 (36.8%)

History of endocarditis 8 (7%)

Pulmonary artery systolic pressure (mean ± SD) 37±14

Pre-operative creatinine (mg/dL, mean ± SD) 1.17±0.9

Pre-operative Hematocrit (mean ± SD) 38±5

SD, standard deviation.

Table 2 Operative characteristics

Variables n=117

Aortic valve replacement with mitral valve repair 50 (42.7%)

Aortic and mitral valve replacement 18 (15.4%)

Mitral valve replacement with tricuspid valve repair 17 (14.5%)

Mitral and tricuspid valve repair 31 (26.5%)

Aortic valve replacement with tricuspid valve repair 1 (0.9%)

Aortic cross-clamp time (minutes, median, IQR) 110 [94–136]

Cardiopulmonary bypass time  
(minutes, median, IQR)

141 [121–180]

IQR, interquartile range.

mortality of 1.7% utilizing a minimally invasive right 
thoracotomy in patients requiring double valve surgery. It 
also demonstrated acceptable outcomes in the incidence 
of post-operative cerebrovascular accidents, renal failure, 
and re-operation for bleeding. The most common post-
operative complication noted was the incidence of 
prolonged mechanical ventilation, which occurred in 34% 
of the patients. This may be explained by the relatively high 
prevalence of chronic obstructive pulmonary disease in the 

cohort, as well as the timeframe in which the study took 
place. Following this institutional era, we implemented 
several changes in our post-cardiac surgery extubation 
practices, including standardized multidisciplinary 
ventilation weaning protocols. As a result, we observed a 
significant reduction in the length of mechanical ventilation 
and intensive care unit stay in subsequent analyses, in which 
a minimally invasive approach often proved superior to 
median sternotomy (6-9). 

Some authors have expressed concern regarding the 
possibility of having lower repair rates of the mitral valve 
with minimally invasive valve surgery (19). This was not 
found to be an issue in the present study, as 80 (69%) of 
the 116 patients who underwent a mitral valve operation 
were able to have their mitral valve repaired. This repair 
rate of 69% is higher than the 57.4% reported by the 
Society of Thoracic Surgeons (20). This issue is important 
because mitral valve repair does not only demonstrate a 
lower mortality than replacement for isolated mitral valve 
surgery, but it is also associated with a lower mortality when 
performed in those undergoing multiple valve surgery, such 
as the cohort of the present study (21-23). 

Another concern with minimally invasive valve surgery 
is obtaining adequate exposure, and this is especially true in 
patients undergoing double valve surgery and re-operative 
valve surgery. In circumstances where adequate exposure 
cannot be obtained, the minimally invasive surgery may need 
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to be converted to a standard median sternotomy. Although 
data for double valve surgery are scarce, the conversion rate of 
minimally invasive surgery to median sternotomy is 1.0–4.0%  
during single valve operations (24,25). In the present study, 
even though 9.4% underwent re-operative surgery, adequate 
exposure was obtained in all patients, and none required 
conversion to a median sternotomy.

Data involving minimally invasive double valve surgery 
are somewhat limited. A propensity-matched analysis 
by Atik et al., compared the outcomes of 162 patients 
undergoing aortic and mitral valve surgery via a right 
thoracotomy (N=81) or conventional median sternotomy 
(N=81) (13). No difference was found in the outcomes 
of operative mortality (6.2% versus 2.5%, P=0.4), acute 
kidney injury (4.9% versus 1.2%, P=0.4), cerebrovascular 
accidents (2.5% versus 2.5%, P=1.0), or re-operation for 
bleeding (8.6% versus 4.9%, P=0.5). Survival at 10 years 
was also similar, being 82% and 76% for the minimally 
invasive and median sternotomy group, respectively 
(P=0.7). The authors concluded that minimally invasive 
surgery had cosmetic and blood product use advantages 
over conventional surgery, with no apparent detriments. 
Pfannmüller et al .  reported their experience with  
441 consecutive patients who underwent mitral and tricuspid 
valve surgery over a 10-year period, with the utilization 
of a right thoracotomy approach (14). Post-operative 
outcomes included 37 (8%) re-operations for bleeding, 
10 (2%) cerebrovascular accidents, and 19 (4%) deaths at 
30 days. The actuarial survival at 5 years was 77.2±2.5%. 
Finally, Mihos et al. evaluated the outcomes of 132 patients 
who had combined mitral and tricuspid valve surgery via a 
right thoracotomy, of which 12% underwent re-operative 
double valve surgery (15). Post-operative outcomes 
included 6 (5%) cases of acute kidney injury, 6 (5%)  
re-operations for bleeding, 4 (3%) cerebrovascular 
accidents, and 5 (4%) in-hospital deaths. The 1- and 5-year 
survival rates were 93% and 88%, respectively.  

The current study is subject to the limitations inherent 
in a single center, retrospective design. Firstly, the study 
cohort is made up of a heterogeneous group of patients, 
with the results being limited to in-hospital outcomes. 
Secondly, the types of valve operations performed varied, 
and the etiologies of the valve dysfunction were not 
available. These are important factors that typically present 
in distinct demographic groups, and are associated with 
differing clinical and surgical risk profiles. What impact 
these variables may have had on the observed outcomes 
is unknown. Thirdly, there is no median sternotomy 

control group, which limits the conclusions that can be 
draw from the current data. Finally, all of the operations 
were performed via a right thoracotomy approach, and 
cannot be extrapolated to represent outcomes that may be 
obtained from other minimally invasive approaches. The 
results should be viewed as an observational study of a 
consecutive series of minimally invasive right thoracotomy 
double valve surgery, and as supportive of the hypothesis 
that this approach may be an alternative option to median 
sternotomy. 

In summary, in patients requiring primary, or re-operative,  
double valve surgery, a minimally invasive right thoracotomy 
approach may be utilized with an acceptable peri-operative 
morbidity and mortality. It may be considered as a feasible 
alternative to the standard median sternotomy approach.
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