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Background. We hypothesize that for the excision of
benign cardiac masses, a minimally invasive approach
through a right minithoracotomy is safe and feasible, and
has lower resource utilization when compared with a
standard median sternotomy.

Methods. We retrospectively analyzed 39 consecutive
patients who underwent benign cardiac mass excision at
our institution between December 1999 and April 2010.
The in-hospital outcomes of patients who had a right
minithoracotomy were compared with those of patients
who underwent a standard median sternotomy.

Results. Of the 39 patients, 22 had cardiac masses
removed through a minimally invasive approach, and 17
had a median sternotomy. The type of masses resected
included 26 myxomas (66.7%), 9 papillary fibroelastomas
(23.1%), and 4 thrombi (10.2%). The aortic cross-clamp

and cardiopulmonary bypass times were 43 minutes
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(interquartile range [IQR] 30 to 64) versus 31 minutes
(IQR 23 to 47; p � 0.20) and 78 minutes (IQR 55 to 88)

ersus 57 minutes (IQR 33 to 70; p � 0.02) for the
inimally invasive group and the median sternotomy

roup, respectively. There were no significant differences
n postoperative complications including mortality. The

ean intensive care unit and hospital lengths of stay
ere 27 hours (IQR 24 to 47) versus 60 hours (IQR 48 to

9; p � 0.001) and 5 days (IQR 4 to 6) versus 7 days (IQR
to 8; p � 0.03) for the minimally invasive and the
edian sternotomy group, respectively.
Conclusions. A minimally invasive approach through a

ight minithoracotomy for the resection of benign cardiac
asses can be performed safely with lower resource

tilization, and should be considered for these patients.
(Ann Thorac Surg 2011;91:1440–4)
© 2011 by The Society of Thoracic Surgeons
When compared with a standard median sternotomy
approach, the reported benefits of minimally in-

vasive valve surgery include reduced surgical trauma,
blood loss, need for reoperation for bleeding, and pain, as
well as more rapid return to functional activity, shorter
intensive care unit and hospital stays, reduced costs, and
higher level of patient satisfaction [1–10]. The less inva-
sive techniques have also reported a reduction in mor-
tality among high-risk patients [11, 12].

It would be reasonable to hypothesize that the benefits
of minimally invasive surgery might also apply to pa-
tients undergoing removal of cardiac masses. The aim of
our study was to report our experience with minimally
invasive surgery for removal of benign cardiac masses
and to compare the safety, feasibility, and potential
benefits of a minimally invasive approach compared with
median sternotomy.

Patients and Methods

After obtaining approval from the Institutional Review
Board, we retrospectively reviewed 10,318 cardiac oper-
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ations at the Mount Sinai Heart Institute, Miami Beach,
Florida, taking place between December 1999 and April
2010. Within this period, we identified 39 patients who
underwent removal of benign cardiac masses. The out-
come of patients who underwent removal performed
through a minimally invasive approach were compared
with that of a cohort of patients who underwent a median
sternotomy approach. We assessed differences in in-
hospital mortality. Postoperative composite complica-
tions were defined as the development of renal failure,
prolonged intubation (�24 hours), reintubation, wound
infection or sepsis, significant bleeding requiring reex-
ploration, stroke, and death. These were compared be-
tween groups. We also evaluated aortic cross-clamp time
and cardiopulmonary bypass time in both groups.

For all patients, the operative reports, pathology re-
ports, and echocardiograms were reviewed. Patients with
malignant neoplasms and patients requiring another
cardiac procedure, including valve surgery unrelated to
the tumor, coronary artery bypass graft surgery, or pre-
vious cardiac surgery, were excluded. The surgical ap-
proach was determined by the preference of the surgeon.

Minimally Invasive Technique
All patients were placed in the supine position and

underwent anesthetic induction and intubation with a
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single-lumen endotracheal tube and a bronchial blocker.
A roll was placed underneath the right scapula in pa-
tients undergoing a minimally invasive mitral valve pro-
cedure. Every patient had a Swan-Ganz catheter and a
radial arterial line placed. A transesophageal echocardio-
gram Doppler probe was placed intraoperatively to eval-
uate the diseased valves, as well as to assess the postop-
erative results.

In all cases, a femoral platform was utilized to establish
cardiopulmonary bypass. A 2-cm to 3-cm incision was
made in the left inguinal crease. Limited dissection was
performed to decrease the risk of groin complications. A
5-0 Prolene (Ethicon, Somerville, NJ) pursestring suture
was placed on the femoral artery and vein. After the
patient underwent heparinization, a Seldinger technique
was utilized to cannulate the femoral vessels. 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, Minneap-
olis, MN). Transesophageal echocardiography was uti-
lized to aid in placement of the venous cannula in the
superior vena cava. If significant peripheral vascular
disease had been present, central ascending aortic can-
nulation would have been utilized for masses on the
aortic valve, and axillary artery cannulation would have
been performed for masses in the left atrium, right
atrium, or right ventricle.

For masses in the left atrium, right atrium, or right
ventricle, a 4-cm to 5-cm skin incision was made in the
fourth to fifth intercostal space medial to the anterior
axillary line. For masses on the aortic valve, or in the left
ventricle, a 4-cm to 5-cm transverse parasternal incision
was made over the second to third intercostal space, and
the second or third costochondral cartilage was tran-
sected. At the completion of the operation, to provide
chest wall stability, the rib was reattached to the sternum
with a 1-cm metal plate (Synthes, West Chester, PA), and
a fiberwire was placed in a figure-of-eight fashion. In all
cases, the pericardium was opened above the phrenic
nerve and over the aorta to facilitate exposure. Utilizing
transesophageal echocardiography guidance, a retro-
grade coronary sinus catheter was directly inserted
through the incision and a pursestring suture was placed
in the right atrium. In aortic valve procedures, a left
ventricular vent was inserted into the left ventricle
through a pursestring suture in the right superior pul-
monary vein.

Cardiopulmonary bypass was initiated at 32° to 36°C
using a closed membrane oxygenator and roller pump.
Venous drainage was augmented with vacuum assis-
tance applying negative pressures of 30 to 70 mm Hg as
needed to decompress the right side of the heart.
Transincisional direct aortic cross-clamping was per-
formed utilizing a flexible and retractable shaft cross
clamp (Novare Surgical Systems, Cupertino, CA). 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-minute to 25-minute

intervals. If retrograde cardioplegia was not possible, a
cannula was left in the ascending aorta to deliver ante-
grade cardioplegia, or the heart was fibrillated. Carbon
dioxide was infused into the operative field during the
entire procedure.

Removal of air from the heart was performed with a
needle in the root of the aorta and under transesophageal
echocardiographic guidance. The heart was not directly
manipulated during deairing maneuvers. External com-
pression of the chest wall was performed if needed, to aid
in deairing. With the heart empty, both atrial and ven-
tricular pacing wires were placed. After discontinuing
cardiopulmonary bypass and administering protamine,
decannulation was performed. The purse string sutures
were tied and the femoral artery was directly repaired
using 5–0 Prolene (Ethicon) suture. A single chest tube
was left in the pleural space. For pain relief, all patients
had an On-Q pain relief system (I-Flow Corporation,
Lake Forest, CA) inserted. Two catheters were placed in
the interspace to deliver 0.25% bupivicaine for 72 hours.
The thoracotomy incision was closed in the routine
fashion.

Statistical Methods
All continuous variables were expressed as the mean � 1
SD, or median and interquartile range (IQR) for variables
with nonnormal 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 distribution were compared
with a Mann-Whitney U test. All dichotomous variables
were compared using �2 analysis. A p value of less than
0.05 was considered statistically significant. The statistical
analyses were done using SPSS version 17 (SPSS, Chi-
cago, IL).

Results

In all, 62 patients who had cardiac mass removal at our
institution were identified. Of these, 23 were excluded
because they had concomitant coronary artery bypass
surgery (15), valve surgery unrelated to the tumor (2),
previous cardiac surgery (3), or malignant neoplasms (3).
Of the remaining 39, 22 (56.4%) underwent a minimally
invasive approach; they had a mean age of 57 � 12 years,
and 18 (81.8%) were female. The median sternotomy
group consisted of 17 patients (43.6%) with a mean age of
62 � 17 years, and 12 (70.6%) were female. Age, sex,
ejection fraction, history of coronary artery disease, dia-
betes mellitus, hypertension, congestive heart failure,
preoperative creatinine, prior cardiovascular interven-
tions, peripheral vascular disease, and prior stroke did
not differ significantly between the minimally invasive
group and the median sternotomy group (Table 1).

The aortic cross-clamp and cardiopulmonary bypass
times were 43 minutes (IQR 30 to 64) and 31 minutes
(IQR 23 to 47; p � 0.20) for the minimally invasive
group; and 78 minutes (IQR 55 to 88) and 57 minutes
(IQR 33 to 70; p � 0.02) for the median sternotomy
group, respectively (Table 1). There were no conver-

sions from right minithoracotomy approach to
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median sternotomy. The type of masses resected in-
cluded 26 myxomas (66.7%), 9 papillary fibroelastomas
(23.1%), and 4 thrombi (10.2%). The most frequent site
of resection was the left atrium (56.4%), followed by the
aortic valve (20.5%), the right atrium (15.4%), the left
ventricle (5.1%), and the right ventricle (2.6%; Table 2).
The incidence of each pathologic diagnosis throughout
the study period, as well as the distribution of surgical
procedures by technique are shown in Figure 1. Dif-
ferences in tumor area by pathologic diagnosis were
also analyzed. Myxoma median area was significantly
larger when compared with papillary fibroelastoma
and thrombus, and no difference was found between
papillary fibroelastomas and thrombi (Table 3).

There were no in-hospital deaths within the two
groups. All patients in the minimally invasive group
were alive at 30 days. For the minimally invasive group
and the median sternotomy group, respectively, the
median intensive care unit length of stay was 27 hours
(IQR 24 to 47) versus 60 hours (IQR 48 to 79; p � 0.001),

nd the median postoperative hospital length of stay
as 5 days (IQR 4 to 6) versus 7 days (IQR 6 to 8; p �

0.03). Composite postoperative complications were 3

Table 1. Patient Clinical Characteristics

Righ

Patient characteristics
Age, mean � SD
Female (%)
Coronary artery disease (%)
Preoperative creatinine, median (IQR)
Ejection fraction, median (IQR)
Diabetes mellitus (%)
Hypertension (%)
Peripheral vascular disease (%)
Cerebrovascular disease (%)
Prior percutaneous coronary intervention (%)
Prior heart failure (%)

Procedural characteristics
Cardiopulmonary bypass time, minutes, median (IQR)
Aortic cross-clamp time, minutes, median (IQR)

IQR � interquartile range.

Table 2. Characteristics of Masses Resected

Characteristic n (%)

Pathologic diagnosis n � 39
Myxoma 26 (66.7)
Papillary fibroelastoma 9 (23.1)
Thrombi 4 (10.2)

Location
Left atrium 22 (56.4)
Aortic valve 8 (20.5)
Right atrium 6 (15.4)
Left ventricle 2 (5.1)

Right ventricle 1 (2.6)

(

(13.6%) for the minimally invasive group and 4 (23.5%)
for the median sternotomy group (p � 0.42). There
were no significant differences between groups in the

ithoracotomy (n � 22) Median Sternotomy (n � 17) p Value

57 � 12 62 � 17 0.19
18 (81.8) 12 (70.6) 0.40

1 (4.5) 3 (17.6) 0.18
0.78 (0.7–0.92) 0.8 (0.8–0.9) 0.28

63 (60–65) 60 (60–65) 0.97
5 (22.7) 2 (11.7) 0.37

13 (59.1) 11 (64.7) 0.72
2 (9.1) 1 (5.8) 0.70
1 (4.5) 3 (17.6) 0.18
1 (4.5) 1 (5.8) 0.85
3 (13.6) 1 (5.8) 0.42

78 (55–88) 57 (33–70) 0.02
43 (30–64) 31 (23–47) 0.20

Fig 1. (A) Incidence of benign cardiac tumors by pathologic diagnosis.
(Medium gray � thrombus; light gray � papillary fibroelastoma; dark
ray � myxoma.) (B) Distribution of surgical procedures by technique.
t Min
Light gray � median sternotomy; dark gray � minimally invasive.)
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individual components of composite complications
(Table 4).

Comment

The present study illustrates the successful application
of minimally invasive cardiac surgical technique in the
resection of benign cardiac masses. We did not find
significant differences between the minimally invasive
and the median sternotomy groups in terms of mor-
bidity or mortality, suggesting that the minimally in-
vasive approach is not inferior to the standard ap-
proach. Similar results were noted by Russo and
colleagues [13], when they evaluated 34 patients who

ad atrial masses removed. At 4.8 years of follow-up,
hey demonstrated that a minimally invasive approach
or cardiac mass resections is equally safe and effective
s median sternotomy [14].
Prolonged operative time is a potential drawback of
inimally invasive surgery [7]. Our study showed that

he aortic cross-clamp time was numerically longer, al-
hough not significantly increased with minimally inva-
ive surgery (p � 0.20), whereas the cardiopulmonary
ypass time was significantly prolonged (p � 0.02). How-
ver, this increase in bypass time was not associated with
discernible difference in early postoperative outcomes.
e found no other operative or clinical difference be-

ween groups. This contrasts with our prior published

Table 3. Size of Resected Masses

Pathologic Diagnosis
Area, cm2, median

(IQR) p Value

Myxoma 7.5 (4.0–19.7) � 0.001a

Papillary fibroelastoma 1.0 (0.8–1.5) 0.14b

Thrombi 2.6 (1.7–4.5) 0.04c

a Myxoma versus papillary fibroelastoma. b Papillary fibroelastoma
versus thrombi. c Myxoma versus thrombi.

QR � interquartile range.
ndings for higher-risk patients undergoing valve sur- f

IQR � interquartile range; LOS � length of stay; PRBC � packed red
ery [11, 12]. We hypothesize that the risk of benign
ardiac mass removal is so low that the ability of mini-
ally invasive surgery to demonstrate superiority was

imited to softer endpoints, such as length of hospital
tay.

Our study did demonstrate significant reductions in
he intensive care unit and hospital lengths of stay,
hich ultimately reflect resource utilization. The inten-

ive care unit length of stay was actually less than half
hat of the standard sternotomy group, and the hospi-
al length of stay was a third less. These reductions in
he lengths of stay are most likely due to the enhanced
ecovery noted with minimally invasive surgery [1, 15],
hich is most likely due to less surgical trauma and

ess pain, leading to a faster return to normal activity
16]. Although this study did not analyze cost data,
ength of stay may be considered a surrogate marker
or resource use; hence, a prolonged length of stay
ncreases hospital costs at all levels [17]. The shorter
ospital stay resulting from a minimally invasive ap-
roach has been equated to a 7%, 20%, and 34% cost
avings, respectively, by Navia and Cosgrove [18],
ohn and coworkers [1], and Chitwood and associates

19]. The reduction in the length of intensive care unit
nd hospital stay noted in the patients undergoing a
inimally invasive approach should equate to a reduc-

ion in total hospitalization cost.
Our study is limited in that it was a single-center

etrospective study of a heterogeneous group of pa-
ients. The surgical teams that performed the cases for
ach approach were different, introducing a potential
ncontrollable confounder. The comparison between

he two groups was limited to in-hospital outcomes. A
ingle surgeon (J.L.) performed all minimally invasive
urgery.

In conclusion, a minimally invasive approach through
right minithoracotomy for the resection of benign

ardiac masses can be performed safely with lower re-
ource utilization. It should be considered as an option

or these patients.
able 4. Operative Results

Right Minithoracotomy
(n � 22)

Median Sternotomy
(n � 17) p Value

Postoperative complications (%) 3 (13.6) 4 (23.5) 0.42
Renal failure (%) 0 (0) 1 (5.8) 0.24
Prolonged ventilation (%) 2 (9.1) 2 (11.7) 0.78
Reintubation (%) 0 (0) 0 (0) 1.0
Wound infection (%) 0 (0) 0 (0) 1.0
Reoperation for bleeding (%) 1 (4.5) 1 (5.8) 0.85
Stroke (%) 0 (0) 0 (0) 1.0
In-hospital death (%) 0 (0) 0 (0) 1.0

Units PRBC transfused, median (IQR) 0.5 (0–2) 2 (0–4) 0.48
Intensive care unit LOS, hours, median (IQR) 27 (24–47) 60 (48–79) 0.001
Total hospital LOS, days, median (IQR) 5 (4–6) 7 (6–8) 0.03
blood cells.
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INVITED COMMENTARY
Dr Pineda and colleagues [1] present a series of 39
consecutive patients undergoing removal of isolated be-
nign cardiac mass lesions. The senior author, Dr Lamelas,
performed 22 of these through a small right anterior
thoracotomy, and 17 were by standard sternotomy by
different surgeons. All masses were successfully resected
and there were no deaths. Not surprisingly, the mini-
mally invasive approach was associated with longer
cross-clamp and total bypass times. This increase time
did not appear to increase morbidity, and indeed, the
intensive care unit and total hospital lengths of stay were
significantly shorter in the minimally invasive group.
Hospital follow-up related to mortality is given, but no
data on complications are noted, although length of stay
can be considered a surrogate for both morbidity and
costs.

The rate of 10.2% of thrombi pseudotumor removal will
hopefully be decreased in the future by appropriate
imaging, such as cardiac magnetic resonance imaging
using contrast and the long inversion thrombus detection
technique, which can accurately identify intracardiac
lesions as thrombi in most cases.

This study compares the results of one very experi-
enced minimally invasive cardiac surgeon with those of
an unknown number of different cardiac surgeons using
difficult, it does highlight the excellent results that can be
obtained with a minimally invasive approach to these
benign tumors in properly experienced hands.

I congratulate the authors and support their minimally
invasive approach in properly selected patients. In our
experience with left atrial sarcoma, however, every pa-
tient we have seen was initially operated on with a
diagnosis of left atrial myxoma and underwent incom-
plete resection before referral to our cardiac tumor pro-
gram. Caution should be applied to appropriate patient
selection because malignant tumors are unlikely to fare
as well with minimally invasive approaches.

Michael J. Reardon, MD

Cardiovascular and Thoracic Surgery
The Methodist Hospital
6560 Fannin St, Ste 1006
Houston, TX 77030
e-mail: mreardon@tmhs.org

Reference

1. Pineda AM, Santana O, Zamora C, Benjo AM, Lamas GA,
Lamelas J. Outcomes of a minimally invasive approach com-

pared with median sternotomy for the excision of benign
cardiac masses. Ann Thorac Surg 2011;91:1440–4.

0003-4975/$36.00
doi:10.1016/j.athoracsur.2011.01.064

mailto:mreardon@tmhs.org

	Outcomes of a Minimally Invasive Approach Compared With Median Sternotomy for the Excision of Benign Cardiac Masses
	Patients and Methods
	Minimally Invasive Technique
	Statistical Methods

	Results
	Comment
	References


