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Background. We evaluated the outcomes of patients
with a history of previous sternotomy who underwent
minimally invasive mitral valve surgery through a right
minithoracotomy approach.

Methods. We reviewed all the isolated mitral valve
operations performed at our institution between January
1, 2005, and October 8, 2010, and selected for analysis
only patients who had had a prior sternotomy. The
outcome of patients who underwent a minimally inva-
sive approach was compared with that of patients whose
mitral surgery was performed through a standard median
sternotomy.

Results. There were 88 patients with prior sternotomy,
with 59 having minimally invasive surgery and 29 un-
dergoing a repeat median sternotomy. Significant base-
line differences (minimally invasive versus sternotomy,
respectively) included the number of male patients (76%
versus 45%, p 5 0.003), prior coronary artery bypass graft
surgery (71% versus 45%, p 5 0.02), prior valve surgery

(47% versus 72%, p 5 0.03), congestive heart failure (46%
versus 76%, p 5 0.008), and diabetes mellitus (34% versus
10%, p 5 0.02). The in-hospital mortality and composite
postoperative complications were 3% versus 14% (p 5

0.07) and 29% versus 66% (p 5 0.001) for the minimally
invasive versus the median sternotomy group, respec-
tively. The intensive care unit stay and hospital length of
stay were 48 hours (interquartile range [IQR], 41 to 90)
versus 118 hours (IQR, 67 to 167; p < 0.001), and 8 days
(IQR, 6 to 12) versus 13 days (IQR, 9 to 18; p 5 0.001), for
the minimally invasive and median sternotomy groups,
respectively.

Conclusions. Minimally invasive mitral valve surgery
in patients who have had a prior sternotomy is associated
with improved postoperative outcomes and reduced re-
source utilization, when compared with a median ster-
notomy approach.

(Ann Thorac Surg 2011;91:1824–8)
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Recent population-based studies have demonstrated
that the incidence of mitral and aortic valve disease

increases with age, from 0.7% among 18- to 44-year-olds
to 13.2% among patients 75 years of age and older, with a
national prevalence of 2.5% [1]. According to data pooled
by the American Heart Association [2], mitral valve
disease is the most commonly encountered valvular
pathology, with 1.7% of the US population experiencing
at least moderate mitral regurgitation. Chronic mitral
valve disease is associated with serious sequelae regard-
less of the underlying etiology, including left ventricular
failure, pulmonary hypertension, and atrial fibrillation.

Minimally invasive valve surgery, first performed in
1996 by Navia and Cosgrove [3] and Cohn and colleagues
[4], leads to decreased blood loss, shorter intensive care
unit and hospital stays, faster patient recovery, and lower
cost when compared with median sternotomy [4–11]. For
high-risk patients, such as the elderly and the obese,
minimally invasive surgery has been shown to reduce
mortality [12, 13]. In light of these benefits, minimally
invasive surgery has emerged as a viable option to the
standard median sternotomy approach.

For patients with prior sternotomy, valvular surgery
through repeat sternotomy carries significant risks, in-
cluding a higher mortality, possible injury to cardiac
structures, and increased bleeding [14–16]. Our study
aimed to analyze the advantages, safety, and feasibility of
minimally invasive mitral valve surgery in patients with a
history of previous sternotomy. We analyzed the out-
comes of patients who underwent minimally invasive
surgery, and compared them with a cohort who under-
went a median sternotomy approach.

Material and Methods

After obtaining approval from the Mount Sinai Medical
Center Institutional Review Board, we retrospectively
evaluated 2,902 heart surgeries performed at our institu-
tion between January 1, 2005, and October 8, 2010, to
identify patients who underwent isolated mitral valve
surgery and had a history of prior sternotomy. Excluded
were patients who had concomitant coronary artery by-
pass graft surgery and patients having surgery on an-
other valve. The median sternotomy surgery was per-
formed by a group of five surgeons who utilized only this
approach. A single surgeon (J.L.) performed the mini-
mally invasive surgery and did not employ a median
sternotomy approach in any case.
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All patients had their valvular lesions documented by
diagnostic catheterization and echocardiography, and all
operative reports and echocardiograms were reviewed.
The primary outcome was in-hospital mortality. Postop-
erative composite complications were defined as the
development of renal failure, prolonged ventilation
(more than 24 hours), reintubation, deep wound infec-
tion, pneumonia, sepsis, bleeding requiring reex-
ploration, stroke, or death. In-hospital mortality was
defined as death at any time after operation if the patient
did not leave the hospital alive. The surgical technique
time was compared on the basis of total cardiopulmonary
bypass time. The definitions and variables selected were
based on The Society of Thoracic Surgeons Database
definitions.

Technique for Minimally Invasive Mitral Valve
Surgery

In all patients, a femoral platform was utilized to estab-
lish cardiopulmonary bypass. The left femoral artery was
cannulated with a 16F to 18F arterial cannula, and the left
femoral vein was cannulated with a 25F venous cannula
(Bio-Medicus; Medtronic, Minneapolis, MN). With the
aid of transesophageal echocardiography, the venous
cannula was placed in the superior vena cava. If signifi-
cant peripheral vascular disease had been present, axil-
lary artery cannulation would have been performed.
However, this was not done on any of the patients.

A 4-cm to 5-cm skin incision was made in the right
fourth to fifth intercostal space medial to the anterior
axillary line. We used moderate to deep hypothermia (24°
to 26°C) and fibrillatory arrest. Cardioplegia was not
delivered at all, very little dissection was performed, and
removal of air from the heart was performed through a vent
placed through the atriotomy, mitral valve, and into the left
ventricle. The rest of the surgical technique was performed
as previously described by Cohn and associates [4].

Statistical Methods

Continuous variables were expressed as the mean 6 1
SD, or median and interquartile range (IQR). To compare
continuous variables with a normal distribution, an in-
dependent t test was used, whereas variables that did not
exhibit a normal distribution were compared with a
Mann-Whitney U test. Dichotomous variables were com-
pared using x

2 analysis. Comorbidities and other risk
factors that could have a significant influence on clinical
outcomes, including surgical procedural variables, were
evaluated by univariable analyses, and those with p
values of 0.2 or less were included in a logistic regression
analysis to determine their independent effects. A p value
of less than 0.05 was considered statistically significant.
The statistical analyses were performed using SPSS,
version 17 (SPSS, Chicago, IL).

Results

A total of 88 patients were identified. Of these, 59 had
surgery through a right minithoracotomy, and 29 under-
went surgery through a repeat median sternotomy. Prior

sternotomy had been performed for coronary bypass
graft surgery in 45% of the patients, valve surgery in 40%,
and both in 15%. There was a higher incidence of male
patients (76% versus 45%, p 5 0.003), patients with prior
coronary artery bypass graft surgery (71% versus 45%,
p 5 0.02), and diabetes mellitus (34% versus 10%, p 5

0.02) in the minimally invasive group, whereas prior
valve surgery (47% versus 72%, p 5 0.03) and congestive
heart failure (46% versus 76%, p 5 0.008) were more
prevalent in the median sternotomy group. Age, hyper-
tension, myocardial infarction, ejection fraction, preoper-
ative creatinine, and number of patients aged 65 years or
older or ejection fraction of 30% or less did not differ
significantly between the groups (Table 1).

In the minimally invasive group, there were 25 mitral
valve repairs (42%) and 34 mitral valve replacements
(58%); in the median sternotomy group, there were 5
mitral valve repairs (17%) and 24 mitral valve replace-
ments (83%, p 5 0.019). The cardiopulmonary bypass
time was 123 minutes (IQR 100 to 154) in the minimally
invasive group versus 89 minutes (IQR 61 to 108) in the
median sternotomy group (p , 0.001). For the minimally
invasive group versus the median sternotomy group,
respectively, the intensive care unit length of stay was 48
hours (IQR 41 to 90) versus 118 hours (IQR 67 to 167, p ,

0.001), and the total ventilation time was 18 hours (IQR 13
to 22) versus 27 hours (IQR 17 to 66, p 5 0.001). There was
no difference between intensive care unit readmission or
need for blood products between the groups (Table 2).

Composite postoperative complications occurred in
29% of patients in the minimally invasive group, and in
66% of patients who underwent a repeat sternotomy (p 5

0.001). The difference was mainly driven by a decreased
incidence of prolonged intubation in the minimally inva-

Table 1. Patient Baseline Characteristics

Variables

Minimally
Invasive

Median
Sternotomy

p Valuen 5 59 n 5 29

Age, mean 6 SD 70 6 13.5 70 6 14.7 0.99

Age more than 65 years 41 (69%) 19 (66%) 0.71

Male 45 (76%) 13 (45%) 0.003

Prior coronary artery
bypass graft surgery

42 (71%) 13 (45%) 0.02

Prior valve surgery 28 (47%) 21 (72%) 0.03

Prior coronary artery
bypass graft and
valve surgery

14 (24%) 5 (17%) 0.49

Diabetes mellitus 20 (34%) 3 (10%) 0.02

Hypertension 51 (86%) 24 (83%) 0.65

Myocardial infarction 22 (37%) 5 (17%) 0.06

Congestive heart failure 27 (46%) 22 (76%) 0.008

Preoperative creatinine,
mean 6 SD

1.37 6 0.8 1.37 6 0.9 0.99

Ejection fraction,
mean 6 SD

47 6 15 48 6 12 0.68

Ejection fraction 30% or
less

13 (22%) 4 (14%) 0.36
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sive group (15% versus 55%, p , 0.001). When comparing
the minimally invasive versus median sternotomy
groups, there was no statistically significant difference in
the incidence of in-hospital mortality (3% versus 14%,
p 5 0.07), bleeding complications requiring reexploration
(10% versus 21%, p 5 0.18), acute renal failure (2% versus
10%, p 5 0.07), deep wound infection (0% versus 3%, p 5

0.15), sepsis (2% versus 10%, p 5 0.07), pneumonia (7%
versus 3%, p 5 0.53), reintubation (15% versus 17%, p 5

0.81), or stroke (7% versus 7%, p 5 0.98). The total
hospital length of stay was 8 days (IQR 6 to 12) for the
minimally invasive group versus 13 days (IQR 9 to 18) for
the median sternotomy group (p 5 0.001; Table 3). Mul-
tivariable analysis revealed that patients undergoing
minimally invasive surgery had a significantly reduced
risk of composite complications (odds ratio 0.18, 95%
confidence interval: 0.06 to 0.50, p 5 0.001), whereas older
patients were at increased risk for composite complica-
tions (odds ratio 1.05, 95% confidence interval: 1.01 to
1.10, p 5 0.01; Table 4).

Adequate exposure of the surgical field was obtained
in all the minimally invasive operations, with no patients
requiring conversion to a full sternotomy. There were
also no vascular complications at the cannulation sites.
All of the median sternotomy patients underwent aortic
cannulation.

Comment

In patients with prior sternotomy requiring cardiac valve
surgery, sternal reentry carries significant risk of periop-
erative complications, with operative mortality rates cited
as high as 17% for isolated cardiac valve surgery [17, 18].
Injury to vascular structures or coronary artery grafts is a
major concern, and mediastinal scarring and adhesions
tend to make the intervention technically difficult. Cur-
rent clinical data suggest that a minimally invasive ap-
proach is feasible and safe for high-risk populations such
as the elderly and the obese [12, 13]. Our hypothesis was
that patients with prior sternotomy who undergo isolated
mitral valve surgery are a higher risk population for
perioperative morbidity and mortality, and thus would
benefit from a minimally invasive approach.

Our study demonstrated that minimally invasive mi-
tral valve surgery in patients with a previous sternotomy
is associated with a decreased incidence of composite
complications, a reduction in intensive care unit length of
stay by more than half, and a reduction in total ventila-
tion time and hospital length of stay by at least a third,
demonstrating an enhanced recovery in these high-risk
patients. Important baseline differences between groups
temper a conclusion that the minimally invasive ap-
proach is superior. Admittedly, the minimally invasive
group contained a significantly greater number of pa-
tients with prior coronary artery bypass graft surgery and
diabetes mellitus, both of which are risk factors for
perioperative cardiovascular morbidity and mortality [19,
20]. However, the sternotomy group had fewer men and
a greater prevalence of heart failure and prior valve
surgery. Nevertheless, in this case series, we found a
reduced incidence of postoperative complications and
trends toward decreased mortality and incidence of acute
renal failure or sepsis among patients undergoing mini-
mally invasive surgery.

Table 2. Operative Results

Variables

Minimally Invasive Median Sternotomy

p Valuen 5 59 n 5 29

Cardiopulmonary bypass time, minutes, median (IQR) 123 (100–154) 89 (61–108) , 0.001

Intensive care unit length of stay, hours, median (IQR) 48 (41–90) 118 (67–167) , 0.001

Use of blood products 40 (68%) 22 (76%) 0.44

Total ventilation time, hours, median (IQR) 18 (13–22) 27 (17–66) 0.001

Intensive care unit readmission 6 (10%) 3 (10%) 0.98

IQR 5 interquartile range.

Table 3. Postoperative Outcomes

Variables

Minimally
Invasive

Median
Sternotomy

p Valuen 5 59 n 5 29

In-hospital mortality 2 (3%) 4 (14%) 0.07

Composite complications 17 (29%) 19 (66%) 0.001

Bleeding requiring
reoperation

6 (10%) 6 (21%) 0.18

Prolonged intubation 9 (15%) 16 (55%) , 0.001

Acute renal failure 1 (2%) 3 (10%) 0.07

Deep wound infection 0 (0%) 1 (3%) 0.15

Sepsis 1 (2%) 3 (10%) 0.07

Pneumonia 4 (7%) 1 (3%) 0.53

Reintubation 9 (15%) 5 (17%) 0.81

Stroke 4 (7%) 2 (7%) 0.98

Hospital length of stay,
days, median (IQR)

8 (6–12) 13 (9–18) 0.001

IQR 5 interquartile range.

Table 4. Multivariable Analysis of Composite Complications

95% Confidence
Interval

Variables
Odds
Ratio

Lower
Limit

Upper
Limit p Value

Minimally invasive surgery 0.18 0.06 0.50 0.001

Age 1.05 1.01 1.10 0.01
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The data concerning minimally invasive mitral valve
surgery in patients with a previous sternotomy are some-
what limited. A recent review [21] analyzed nine pub-
lished studies on the subject and concluded that the
operative mortality with a minimally invasive approach
is similar to that of a repeat median sternotomy. The
authors noted that the main advantages of minimally
invasive mitral valve surgery were less postoperative
bleeding, reduced need for blood transfusions, absence
of deep sternal wound infections, and a higher rate of
patient satisfaction compared with repeat sternotomy.
Furthermore, it appeared that mean hospital length of
stay and ventilation times were also reduced in these
patients. Our study validates these prior reports and
further exemplifies the safety and feasibility of a mini-
mally invasive approach. Additionally, we observed sig-
nificant reductions in the median intensive care unit and
hospital lengths of stay in the minimally invasive group,
which likely had a significant impact on resource utiliza-
tion, thereby reducing hospital costs.

There are many limitations to the conclusions that can
be drawn from such a study. This was a single-center,
retrospective study of a heterogeneous group of patients.
The surgical teams that performed the cases for each
approach were different, introducing a potential uncon-
trollable confounder. All minimally invasive surgery was
performed by a single surgeon (J.L.), who is the senior
author. Finally, the comparison between the two groups
was limited to in-hospital outcomes.

In conclusion, our study demonstrates that minimally
invasive mitral valve surgery through a right minithora-
cotomy in patients with prior sternotomy is associated
with a reduction in composite postoperative complica-
tions and lower resource utilization. It should be consid-
ered as an alternative approach in these high-risk
patients.
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Jaime Morey, and Marilyn Joy in assisting us with the database
and analyses. We additionally acknowledge the assistance of
Warren Barker, MS, with the statistical analyses.
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INVITED COMMENTARY

Mihos and colleagues [1] have performed an important
study comparing a right minithoracotomy with a repeat
sternotomy approach in patients requiring isolated mi-
tral valve (MV) repair after a cardiac operation. The
authors found a trend toward a lower mortality rate in

the minithoracotomy group (3% versus 14%), which
failed to reach significance because of the small sample
size (88 patients in total). Despite the limited sample size,
the authors were able to demonstrate a significantly
lower composite complication rate, as well as shorter
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