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Background. We hypothesize that composite in-hospi-
tal surgical complications are lower in obese patients
who undergo minimally invasive valve surgery for aortic
and (or) mitral valve disease, when compared with the
standard median sternotomy approach.

Methods. We retrospectively reviewed 2,288 heart op-
erations done at our institution between January 3, 2005
and January 10, 2010, and identified 160 consecutive
obese patients, defined as patients with a body mass
index of greater than 30 kg/m2, who underwent isolated
mitral and (or) aortic valve surgery. The outcomes of
those who had minimally invasive valve surgery were
compared with a matched control group who had valve
surgery through a median sternotomy approach.

Results. Of the 160 patients, 64 underwent the mini-
mally invasive approach and 96 had a median sternot-
omy. The mean age was 69.4 � 11 years for the minimally

invasive group, and 64.7 � 11.5 for the median sternot-
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omy group (p � 0.015). Composite postoperative compli-
cations occurred in 15 (23.49%) versus 49 (51.0%) patients
(p � 0.034) in the minimally invasive group versus

edian sternotomy, respectively. The difference was
riven by a lower incidence of acute renal failure (0 vs 6
atients [6.25%], p � 0.041), prolonged intubation (12

18.7%] vs 33 [34.3%], p � 0.049), reintubation (3 [4.68%]
s 15 [15.6%], p � 0.032), deep wound infections (0 vs 4
4.1%], p � 0.098), and death (0 vs 8 [8.3%], p � 0.041),
espectively. All patients in the minimally invasive
roup were alive at 30 days.
Conclusions. Minimally invasive surgery for isolated

alve lesions in obese patients has a lower morbidity and
ortality when compared with the standard median

ternotomy approach.

(Ann Thorac Surg 2011;91:406–10)

© 2011 by The Society of Thoracic Surgeons
Obesity has reached epidemic proportions in the
United States and in most of the industrialized

orld [1]. During the past 20 years, the number of
ndividuals with a body mass index of greater than 30, 40,
nd 50 kg/m2, respectively, has doubled, quadrupled,

and quintupled in the United States [2]. Although obese
patients have more comorbidities, they do not have an
increase in mortality during cardiac surgery [3, 4]. How-
ever, they are at an increased incidence of sternal and
superficial wound infection, saphenous vein harvest site
infection, and atrial dysrhythmia [5–7]. Patients with a
body mass index greater than 35 kg/m2 are more likely to

ave prolonged mechanical ventilation and longer post-
perative stay.
Minimally invasive valve surgery was introduced in

996, and has been gaining acceptance for the last decade
8]. When compared with a standard median sternotomy
pproach, the reported benefits of minimally invasive
urgery include the following: reduced surgical trauma,
educed need for reoperation for bleeding, reduced
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lood loss and pain, shorter ventilation time, shorter
ntensive care unit and hospital stay, reduced cost, less
se of rehabilitation resources, and a more rapid return

o functional activity [9–18]. Because minimally invasive
urgery has these possible advantages, high-risk patients
ight benefit more from limiting surgical trauma with

his approach, as opposed to median sternotomy. Alter-
atively, because of difficulty in obtaining adequate ex-
osure of the surgical field, a minimally invasive ap-
roach could impose a higher risk in obese patients. The
im of our study was to analyze the benefits, safety, and
easibility of minimally invasive valve surgery in obese
atients. We analyzed the outcomes of obese patients
ho underwent minimally invasive surgery and com-
ared them with a matched group of obese patients who
ad a median sternotomy approach.

Material and Methods

After obtaining a waiver of informed consent from the
Mount Sinai Medical Center Institutional Review Board,
we retrospectively reviewed 2,288 heart surgeries at our
institution taking place between January 3, 2005 and

January 10, 2010. Within this time period we identified

0003-4975/$36.00
doi:10.1016/j.athoracsur.2010.09.039

mailto:osantana@msmc.com


u
o
w
o
g
s
s
p

b
o
T
p
o
h
s
T
l
n
t
s
D

a

v
p
g
c
v
0
p
b
g

407Ann Thorac Surg SANTANA ET AL
2011;91:406–10 MINIMALLY INVASIVE VALVE SURGERY IN OBESE PATIENTS

A
D

U
LT

C
A

R
D

IA
C

160 consecutive patients who were obese, defined as a
body mass index of greater than 30 kg/m2, and who

nderwent mitral and (or) aortic valve surgery. The
utcomes of those who had minimally invasive surgery
ere compared with those who had a median sternot-
my. All median sternotomy surgery was performed by a
roup of five surgeons who did no minimally invasive
urgery. The patients undergoing minimally invasive
urgery were all operated by a single surgeon (J.L.), who
erformed such surgery on all obese patients.
In all patients, the valvular lesions were documented

y diagnostic catheterization and echocardiography. All
perative reports and echocardiograms were reviewed.
he primary outcome was a composite of surgical com-
lications, which were defined as the presence of post-
perative renal failure, prolonged ventilation (�24
ours), reintubation, deep wound infection, pneumonia,
epsis, bleeding requiring reexploration, stroke, or death.
he intensive care unit length of stay and postoperative

ength of stay were also evaluated. The surgical tech-
ique time was compared on the basis of cross-clamp

ime and total bypass time. The definitions and variables
elected were based on the Society of Thoracic Surgeons
atabase definitions.

Description of Surgical Technique for Minimally
Invasive Surgery
A femoral platform was utilized to establish cardiopul-
monary bypass. The left femoral artery was cannulated
with a 16 to 18 French arterial cannula, and the left
femoral vein was cannulated with a 25 French venous
cannula (BioMedicus; Medtronic, Minneapolis, MN).
With the aid of transesophageal echocardiography, the
venous cannula is placed in the superior vena cava. If
significant peripheral vascular disease was present, cen-
tral ascending aortic cannulation was utilized for the
aortic valve replacements and axillary artery cannulation
was performed for the mitral valve procedures.

For the mitral valve procedures a 4 to 5 cm skin incision
was made in the right fourth to fifth intercostal space
medial to the anterior axillary line. For the aortic valve
procedures a 4 to 5 cm transverse parasternal incision
was made over the right second or third intercostal space,
and the second or third costochondral cartilage was
transected in order to allow adequate exposure of the
aorta. At the completion of the operation the rib was
reattached to the sternum with a 1 cm metal plate
(Synthes, West Chester, PA). Utilizing transesophageal
echocardiography guidance, a retrograde coronary sinus
catheter was directly inserted through the incision. One
dose of antegrade cold blood cardioplegia was given to
establish electromechanical arrest of the heart. Thereaf-
ter, retrograde cold blood cardioplegia was given
throughout the procedure at 20 to 25 minute intervals.
The rest of the surgical technique was performed as
previously described by Cohn and colleagues [9].

In patients undergoing aortic valve replacement with a
previous coronary artery bypass graft surgery and a
patent LIMA (left internal mammary graft), we use mod-

erate hypothermia (28°C) with one induction dose of p
antegrade cardioplegia. Thereafter, retrograde cardiople-
gia is delivered at 20-minute intervals. We do not dissect
the LIMA pedicle. In the setting of a patent LIMA, we
prefer the native left anterior descending artery to be
totally occluded. This diminishes a constant stream of
blood return from the left main obscuring the operative
field. If the left anterior descending artery is patent, we
place a number 10 Fr red rubber catheter connected to a
pump suction into the left main to aspirate the blood. In
patients undergoing mitral valve surgery with a history
of coronary artery bypass graft surgery, we use moder-
ate-to-deep hypothermia (24°C to 26°C) and fibrillatory
arrest. Cardioplegia is not delivered at all. Very little
dissection is performed and removal of air from the heart
is performed through a vent placed through the atri-
otomy, mitral valve, and into the left ventricle.

Statistical Methods
All continuous variables were expressed as the mean � 1
standard deviation, or median and interquartile range
(IQR) for variables with non-normal distributions. To
compare continuous variables between groups that had a
normal distribution, an independent t test was used.
Continuous variables that did not exhibit a normal dis-
tribution were compared with a Mann-Whitney U test.
All dichotomous variables were compared using �2 anal-
ysis. Comorbidities and other risk factors that could have
a significant influence on clinical outcomes, including
surgical procedural variables, were also evaluated by
univariable analyses. Those with a p value 0.2 or less
were included in logistic regression analysis to determine
independent effects. A p value of less than 0.05 was
considered statistically significant. The statistical analy-
ses were done using SPSS, version 17 (SPSS Inc, Chicago,
IL). We do not report a multivariable analysis of inde-
pendent predictors of mortality because the event oc-
curred rarely, rendering the analyses unstable.

Results

Of the 160 obese patients undergoing isolated valve
surgery, 64 underwent a minimally invasive approach
and 96 had a median sternotomy. The mean body mass
index was 34.8 kg/m2 for the minimally invasive group

nd 34.9 kg/m2 for the median sternotomy group. The
minimally invasive group was significantly older that the
median sternotomy group with a median age of 69.5
years (range, 63 to 80) versus 64.7 years (range, 56 to 74)
(p � 0.015). Diabetes mellitus, hypertension, peripheral

ascular disease, ejection fraction, body mass index, and
reoperative creatinine levels were similar in both
roups (Table 1). There was a higher prevalence of
ongestive heart failure in the control group of 53.1%
ersus 32.8% for the minimally invasive group (p �
.011). In the minimally invasive group, 3 patients had
rior valve surgery and 2 had prior coronary artery
ypass graft surgery, while in the median sternotomy
roup 9 had prior valve surgery (p � 0.27) and 7 had

revious coronary artery bypass graft surgery (p � 0.26).
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In the minimally invasive group, 31 (48.4%) had aortic
valve replacement, 31 (48.4%) had mitral valve surgery,
and 2 (3.1%) had both aortic and mitral valve surgery. In
the median sternotomy group, 43 (45.25%) had aortic
valve replacement (p � 0.95), 47 (49.5%) had mitral valve
surgery (p � 0.74), and 5 (5.25%) had both aortic and
mitral valve surgery (p � 0.53). The aortic cross-clamp
time and bypass time were significantly longer in the
minimally invasive group, being 95 minutes (IQR 74 to
110) versus 68 minutes (IQR 42 to 79) (p � 0.001), and 129
minutes (IQR 105 to 157) versus 96 minutes (IQR 59 to
112) (p � 0.001), respectively. The median length of stay
in the intensive care unit was 73 hours (IQR 36 to 71) for
the minimally invasive group versus 177 hours (IQR 46 to
142) for the median sternotomy patients (p � 0.05). The

edian postoperative length of stay was 7.7 days (IQR 5
o 9) versus 11.7 days (IQR 7 to 15) (p � 0.001), for

inimally invasive and median sternotomy, respectively
Table 2).

Composite postoperative complications occurred in 15
23.49%) versus 49 (51.0%) patients (p � 0.034) in the

inimally invasive group versus the median sternotomy
roup, respectively. The difference was driven by a lower

ncidence of acute renal failure (0 vs 6 [6.25%], p � 0.041),
rolonged intubation (12 [18.7%] vs 33 [34.3%], p � 0.049),
eintubation (3 [4.68%] vs 15 [15.6%], p � 0.032), deep
ound infections (0 vs 4 [4.1%], p � 0.098), and death (0 vs
[8.3%], p � 0.041), respectively. The deaths in the median

ternotomy group were due to ventricular arrhythmias (4
atients), multiorgan failure (3 patients), and sepsis (1 pa-

ient). All minimally invasive patients were alive at 30 days.
Reoperation for bleeding was seen in 1 (1.56%) versus

able 1. Patient Baseline Characteristics

Variables

Minimally
Invasive
(n � 64)

Median
Sternotomy

(n � 96)
p

Value

Age (mean) 69.4 � 11 64.7 � 11.5 0.015
Gender (males, %) 35 (54) 54 (56) 0.845
Body mass index (mean) 34.8 � 5.3 34.9 � 4.8 0.207
Hypertension (%) 60 (93.7) 88 (91.6) 0.624
Peripheral vascular

disease (%)
5 (7.81) 16 (16.6) 0.104

Cerebrovascular accident
(%)

3 (4.68) 17 (17.7) 0.015

Previous coronary
intervention (%)

23 (35.9) 24 (25) 0.137

Congestive heart failure
(%)

21 (32.8) 51 (53.1) 0.011

Endocarditis (%) 4 (6.25) 11 (11.4) 0.268
Ejection fraction 0.541 � 0.125 0.501 � 0.144 0.178
Coronary artery disease

(%)
34 (53.1) 47 (48.9) 0.606

Chronic obstructive
pulmonary disease (%)

26 (40.6) 34 (35.4) 0.505

Diabetes mellitus (%) 25 (39) 35 (36.5) 0.77
Preoperative creatinine

(mg/dL)
1.22 � 0.5 1.20 � 0.7 0.895
(2.08%) patients (p � 0.812), and stroke in 1 (1.56%)
ersus 0 (p � 0.219) in the minimally invasive group
ersus median sternotomy, respectively. Blood products,
hich included packed red blood cells, fresh frozen
lasma, or platelets, were used in 15 (23.4%) patients in

he minimally invasive group versus 48 (50.0%) in the
edian sternotomy group (p � 0.001) (Table 3). Multiva-

iable logistic regression analysis demonstrated that an
levated preoperative creatinine level correlated with an
ncrease in postoperative composite complications, while

inimally invasive surgery was associated with a reduc-
ion in composite complications (Table 4).

Adequate exposure of the surgical field was obtained
n all the minimally invasive operations, with no patients
equiring conversion to a full sternotomy. There were
lso no vascular complications at the cannulation sites of
he minimally invasive procedures.

Comment

Obesity is highly prevalent and, unfortunately, obese
patients have been excluded from the major minimally
invasive valve surgery reports. This is most likely due to
concerns about inadequate exposure of the surgical field,
as well as lack of outcome data, and operator inexperi-
ence. Indeed, some centers exclude patients with a body
mass index greater than 30 kg/m2 from having minimally
invasive valve surgery altogether [19]. Our study evalu-

tes the outcomes of minimally invasive valve surgery in
he obese.

Our case series provides partial answers to these
oncerns. With regard to adequate exposure, the conver-
ion rate of a minimally invasive approach to a median
ternotomy is approximately 2.6% to 4.0% [20]. Obtaining
dequate exposure was not found to be a problem in our
ohort, and none of the 64 patients who underwent
ntended minimally invasive surgery required conver-
ion to a median sternotomy.

Although meta-analyses and reviews of the major stud-
es comparing minimally invasive surgery with a median
ternotomy approach have shown a reduction in morbidity,
hey have not demonstrated a statistically significant reduc-
ion in mortality for mitral or aortic valve surgery [15–18].
his may be due to a clinical bias of selecting lower risk

Table 2. Operative Results

Variables
Minimally
Invasive

Median
Sternotomy p Value

Cross-clamp time
(minutes, IQR)

95 (74–110) 68 (42–79) �0.001

Bypass time (minutes,
IQR)

129 (105–157) 96 (59–112) �0.001

In-hospital mortality (%) 0 8 (8.3) 0.041
Ventilation time (hours,

IQR)
22 (13–23) 64 (14–32) 0.073

Intensive care unit
length of stay (hours,
IQR)

73 (36–71) 177 (46–142) 0.001
IQR � interquartile range.
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patients to undergo minimally invasive surgery, and there-
fore not having sufficient statistical power to demonstrate a
significant reduction in mortality when compared with a
median sternotomy approach.

Obese patients undergoing coronary artery bypass
graft surgery have a higher morbidity with an increased
incidence of postoperative atrial fibrillation, deep sternal
wound infections, prolonged intubation, reintubation,
and an increased intensive care unit and hospital length
of stay [7, 21–23]. Thus, high-risk subgroups, particularly
those in which the limits of technical skill are tested, are
ideal to compare the two potential surgical approaches.
Our study not only revealed a significant reduction in
morbidity, but a reduction in mortality as well, with a
minimally invasive approach. All the patients who un-
derwent the minimally invasive approach were alive at 30
days.

A drawback of minimally invasive surgery was longer
cross-clamp and bypass times. However, despite the
longer operative times, the minimally invasive patients
had a significant lower use of blood products. There was
also a significant reduction in the composite surgical
complications, with a trend toward shorter ventilation
time, less need for reintubation, and a lower incidence of
acute renal failure. We hypothesize that the lower inci-
dence of acute renal failure, despite longer operative
times, is due to the fact that the minimally invasive group
had significantly less complications and lower use of
blood products, all of which contribute to the develop-
ment of renal failure [24]. To see if the obese patients had
increased operative times and complication rates, we
compared them with a group of 365 patients who under-
went the same procedures but whose body mass index

Table 3. Postoperative Complications

Variables

Minimally
Invasive
(n � 64)

Median
Sternotomy

(n � 96)
p

Value

Composite complications (%) 15 (23.4) 49 (51) 0.034
Renal failure (%) 0 6 (6.25) 0.041
Prolonged intubation (%) 12 (18.7) 33 (34.3) 0.049
Reintubation (%) 3 (4.68) 15 (15.6) 0.032
Deep wound infection (%) 0 4 (4.1) 0.098
Bleeding requiring

reoperation (%)
1 (1.56) 2 (2.08) 0.812

Stroke (%) 1 (1.56) 0 0.219
In-hospital death (%) 0 8 (8.3%) 0.041
Use of blood products

(PRBCs, FFP, platelets) (%)
15 (23.4) 48 (50) 0.001

Sepsis (%) 1 (1.56) 6 (6.25) 0.156
Pneumonia (%) 0 1 (1.04) 0.413
Intensive care unit

readmission (%)
1 (1.56) 5 (5.20) 0.234

Hospital length of stay (days,
IQR)

7.7 (5–9) 11.7 (7–15) �0.001

FFP � fresh frozen plasma; IQR � interquartile range; PRBCs �
packed red blood cells.
was less than 30 kg/m2. In these patients, the cross-clamp
and bypass times were 88 minutes (IQR 71 to 110) and 120
minutes (IQR 97 to 145), respectively, and the composite
complication rate was 21%, similar to those whose body
mass index was greater than 30 kg/m2. This suggests, of
ourse, that obesity is not a risk factor for poor outcomes
hen minimally invasive surgery is the operative

pproach.
The results of our study demonstrate that minimally

nvasive surgery can be performed safely with excellent
utcome in the obese patient. The reduction in morbidity

ed to a significant reduction in the intensive care and
ospital length of stay, which reflect the enhanced recov-
ry of these patients after a minimally invasive approach.
The hospital length of stay may be considered a sur-

ogate for resource use; thereby a prolonged length of
tay increases hospital costs at all levels [25]. The reduc-
ion in the length of hospital stay noted for the minimally
nvasive patients should equate to a reduction in total
ospitalization cost.

Study Limitations
This was a single-center, retrospective study of a heter-
ogeneous group of patients. The surgical teams that
performed the cases for each approach were different,
introducing a potential uncontrollable confounder. The
comparison between the two groups was limited to
in-hospital outcomes. Also, we pooled all mitral and
aortic surgeries to allow for a larger sample and greater
statistical power. This potentially allowed additional con-
founders to be introduced, although both groups had
similar distributions of each valve procedure, essentially
balancing any bias. Finally, it is important to mention that
our results are applicable to minimally invasive surgery by
a right minithoracotomy as described in the methods, and
cannot be extrapolated to other techniques.

Conclusions
Minimally invasive surgery for isolated valve lesions in
obese patients has a lower morbidity and mortality when
compared with median sternotomy. It should be consid-
ered the preferred approach in these individuals.

Table 4. Logistic Regression Analysis of Independent
Correlates of Composite Complications

Variables
Odds
Ratio

95% Confidence Interval

Lower CI Upper CI p Value

Preoperative
creatinine (�1.6
mg/dL)

5.2 1.74 15.53 0.003

Minimally invasive
surgery

0.5 0.34 0.92 0.023

Additional dependent variables tested and found not significant: Diabe-
tes mellitus, prior coronary artery bypass graft surgery, prior valve
surgery, peripheral vascular disease, and congestive heart failure.
CI � confidence interval.
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