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Minimally invasive mitral valve surgery is associated with equivalent
cost and shorter hospital stay when compared with

traditional sternotomy
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ABSTRACT

Objective: Mitral valve surgery is increasingly performed through minimally
invasive approaches. There are limited data regarding the cost of minimally
invasive mitral valve surgery. Moreover, there are no data on the specific costs
associated with mitral valve surgery. We undertook this study to compare the costs
(total and subcomponent) of minimally invasive mitral valve surgery relative to
traditional sternotomy.

Methods: All isolated mitral valve repairs performed in our health system
from March 2012 through September 2013 were analyzed. To ensure like
sets of patients, only those patients who underwent isolated mitral valve re-
pairs with preoperative Society of Thoracic Surgeons scores of less than 4
were included in this study. A total of 159 patients were identified (sternot-
omy, 68; mini, 91). Total incurred direct cost was obtained from hospital
financial records.

Results: Analysis demonstrated no difference in total cost (operative and
postoperative) of mitral valve repair between mini and sternotomy
($25,515 £ $7598 vs $26,049 + $11,737; P = .74). Operative costs were higher
for the mini cohort, whereas postoperative costs were significantly lower.
Postoperative intensive care unit and total hospital stays were both significantly
shorter for the mini cohort. There were no differences in postoperative
complications or survival between groups.

Conclusions: Minimally invasive mitral valve surgery can be performed with
overall equivalent cost and shorter hospital stay relative to traditional sternotomy.
There is greater operative cost associated with minimally invasive mitral valve
surgery that is offset by shorter intensive care unit and hospital stays. (J Thorac
Cardiovasc Surg 2016;151:385-8)
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Standard Minimally Invasive

Cost associated with standard sternotomy and mini-
mally invasive mitral valve repair.

Central Message

Total, operative, and postoperative costs were
assessed for mitral valve repair performed by
sternotomy and minimally invasive means.

Perspective

Economic concerns should not limit the use
of minimally invasive mitral valve surgery.
Minimally invasive mitral valve surgery can
be performed with excellent outcomes in
appropriately selected patients, which should
also not limit application of this approach.

See Editorial Commentary page 389.

Minimally invasive mitral valve surgery has become
increasingly prevalent. Several studies demonstrating
equivalent operative results with excellent long-term
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outcomes, namely freedom from recurrent mitral regur-
gitation, have provided support for this approach to the
mitral valve.' It has been demonstrated repeatedly that
minimally invasive mitral valve repair is associated
with longer operative and cardiopulmonary bypass
times.” One would expect that with the increased need
for reusable and disposable operative equipment (tissue
retractors, cannulas, endoaortic balloons), there would
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Abbreviations and Acronyms
ICU = intensive care unit
IQR = interquartile range

be greater cost associated with this approach. On the
other hand, numerous groups, including ours, have
demonstrated shorter intensive care unit (ICU) and hos-
pital stays associated with a minimally invasive tech-
nique. Unfortunately, there are minimal data in the
literature regarding the economic considerations of mini-
mally invasive mitral valve surgery. We undertook this
study to evaluate the health care costs associated
with minimally invasive mitral valve surgery relative to
a traditional sternotomy approach. We hypothesized
that minimally invasive mitral valve surgery could be
performed with equivalent cost and outcomes to that
performed through a sternotomy.

METHODS
Study Design

To assess the cost associated with either minimally invasive (right
minithoracotomy) or sternotomy approaches to mitral valve repair, all
patients who underwent isolated mitral valve repair at the University of
Pennsylvania from March 2012 through September 2013 were evaluated.
To ensure equivalent cost comparison, only isolated mitral valve repairs
were taken into account. Patients who underwent concomitant procedures,
such as ablation procedures for atrial fibrillation, tricuspid valve repair, and
coronary artery bypass grafting, were excluded. Because of the cost and
variability of expense associated with mitral valve prosthesis, mitral valve
replacements were also excluded. In addition, high-risk patients (Society of
Thoracic Surgeons risk score >4) were excluded from this analysis to have
“like” subsets. Robotic repairs were also excluded. One hundred fifty-nine
patients were identified who fit these criteria (sternotomy, n = 68;
minimally invasive, n = 91).

Complete operative and postoperative costs associated with mitral
valve repair were individually gathered from institutional billing records.
Only direct hospital costs were used in this analysis; indirect costs and
overhead were not incorporated. The cost components were grouped
according to major subgroups for each patient and then further averaged
according to the approach. Standard preoperative demographic and
operative variables were compared between groups with our institutional
Society of Thoracic Surgeons database. Postoperative outcomes and
major complications (death, wound infection, stroke, reoperation for
bleeding, atrial fibrillation, hospital and ICU stays, and survival) were
also analyzed. The University of Pennsylvania Institutional Review
Board approved these data for use in research, with a waiver of patient
consent.

Operative Approach

All patients who underwent a minimally invasive mitral valve operation
through a limited right thoracotomy with endoscopic assistance were
incorporated into the minimally invasive cohort. Aortic occlusion was
achieved with an endoaortic crossclamp (Edwards Lifesciences
Corporation, Irvine, Calif) in most cases (81%); in the remainder of the
operations, a Chitwood clamp was used. We performed the minimally
invasive operation with a limited right anterior thoracotomy and femoral
cannulation, as previously described.”* For the sternotomy subgroup, the

mitral valve was approached through a standard full sternotomy with
standard central bicaval cannulation. Standard and similar operative
repair techniques were used for both approaches.

In the setting of reoperative surgery in the minimal access cohort, the
operation was performed through a similar right anterior thoracotomy.
Once cardiopulmonary bypass was established through the femoral vessels,
the lung was dissected free of the right lateral pericardium and the
pericardium was opened. If necessary, intrapericardial adhesions were
dissected free. The endoaortic balloon was used for aortic occlusion. The
mitral valve was exposed through the interatrial groove, and the operation
was conducted in standard fashion.

Statistical Analysis

Continuous variables are expressed as the median with interquartile
range (IQR), and categorical variables are presented as proportions. Costs
are expressed as mean + SD. Differences between groups were assessed
with the Fisher exact test for categorical variables, the independent Student
t test for normally distributed continuous variables, and the Mann-Whitney
U test for nonparametrically distributed values. All tests were 2-tailed. The
statistical analysis was performed with IBM SPSS Statistics (version 20.0;
IBM Corporation, Armonk, NY).

RESULTS
Preoperative Variables

There was no difference in median preoperative Society
of Thoracic Surgeons score between the minimally
invasive and sternotomy cohorts (0.47; IQR, 0.36-0.95
vs 0.61; IQR, 0.34-1.35; P = .25), demonstrating equiva-
lent operative risks. Additionally, there was no difference
in age (59 years; IQR, 52-66.5 years vs 57 years; IQR,
47-69 years; P = .5), sex (39.6% vs 38.2% female;
P > .999), or ethnicity (87.9% vs 91.1% white; P = .8)
between minimally invasive and sternotomy cohorts,
respectively. An equivalent percentage of patients in
each group had a previous sternotomy (8.6% vs 9.6%;
P = .3).

Operative, Postoperative, and Total Costs Associated
With Mitral Valve Repair

Analysis of total direct cost demonstrated equivalent
costs between minimally invasive and sternotomy cohorts
($25,515 4+ $7598 vs $26,049 + $11,737; P = .74). There
was a higher operative cost associated with the minimally
invasive cohort than with the sternotomy cohort
($17,246 + $3823 vs $13,786 + $2594; P < .0000001).
This was offset by significantly lower postoperative costs
for the minimally invasive cohort ($8268 + $6501 vs
$12,263 £ $10,836; P = .008).

Breakdown of the operative costs revealed the following
major subcategories (minimally invasive vs sternotomy):
operative supplies, $7539 £ $3577 versus $5350 + $1950
(P = .0000002); operative time, $3595 4+ $698 versus
$3120 £ $650 (P = .00002); perfusion, $3071 + $619
versus $2125 + $619 (P <.000001); nursing, $1685 versus
$1636 + $287 (P = .2); laboratory and blood bank,
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$716 £ $307 versus $827 + $598 (P = .2); and pharmacy,
$371 £ $195 versus $447 £+ $319 (P = .09). Similarly,
analysis of postoperative costs revealed the following major
subcategories (minimally invasive vs sternotomy): intensive
care nursing and board, $1593 + $3854 versus
$2602 + $4214 (P = .1); step-down and floor nursing and
board, $4305 & $1636 versus $4944 + $2126 (P = .04);
pharmacy, $768 + $1234 versus $1428 + $2165
(P = .03); cardiology (electrophysiology and echocardio-
graphy), $118 + $758 versus $1198 + $4485 (P = .05);
ancillary (occupational, physical, and respiratory therapy),
$535 + $628 versus $854 + $894 (P = .01); laboratory
and blood bank, $511 £ $703 versus $814 =+ $854
(P = .02); and radiology, $361 + $249 vs $369 + $291
(P =.9). There was a higher rate of pacemaker implantation
in the sternotomy cohort (n = 6) than in the minimally
invasive group (n = 1), which accounted for the
significantly increased cardiology costs. Additional
ancillary and laboratory costs resulted from the longer
hospital stay with additional rehabilitation services and
blood work.

Outcomes Associated with Mitral Valve Repair
Stratified by Approach

As expected, cardiopulmonary bypass (118 minutes;
IQR, 87-145 minutes vs 89 minutes; IQR, 72-120 mi-
nutes; P = .0008) and crossclamp (88 minutes; IQR,
56.5-109 minutes vs 66 minutes; IQR, 52-77 minutes;
P = .001) times were longer with the minimally invasive
approach than with sternotomy. There were no differ-
ences in major complications, including stroke, atrial
fibrillation, wound infection, renal failure, aortic dissec-
tion, and prolonged ventilation, between the groups.
Notably, there were no cases of aortic dissection associ-
ated with femoral cannulation as used for the minimally
invasive cohort. There were statistically significantly
shorter median ICU stay (1 days; IQR, 1-2 vs 1.5 days;
IQR, 1-3 days; P = .05) and hospital stay (6 days;
IQR, 5-7 days vs 7 days; IQR, 6-9 days; P = .005) asso-
ciated with the minimally invasive approach than with
sternotomy. There were no deaths at 30 days in either
cohort (Table 1).

DISCUSSION

As we have demonstrated in this study, minimally
invasive mitral valve surgery can be performed with
equivalent cost and outcomes as those seen in patients
who underwent the same procedure through a sternotomy.
As would be expected, in our experience we had shorter
hospital and ICU stays, which equated to a significant total
cost saving. This cost saving was offset by the higher
operative costs that were noted with minimally invasive

TABLE 1. Postoperative outcomes after mitral valve repair, stratified
by operative approach

Minimally P
invasive Sternotomy  value
Reexploration for bleeding (%) 0 0 >.999
Wound infection 0 1 (1.5%) >.999
Stroke 1(1.1%) 1(1.5%) >.999
Renal failure 0 0 >.999
Aortic dissection 0 0 >.999
Ventilatory support >24 h 5(5.5%) 6 (8.2%) 5
Postoperative atrial fibrillation 26 (28.6%) 29 (42.6%) 2
ICU stay (d, mean and IQR) 1(1-2) 1.5 (1-3) .05
Hospital stay (d, mean and IQR) 6 (5-7) 7 (6-9) .005
Readmission at 30 d 3 (3.2%) 4 (5.5%) 3

Mortality at 30 d 0 0 >.999

Data represent number and percentage of patients unless otherwise specified.
ICU, Intensive care unit; IQR, interquartile range.

mitral valve repair. In our experience, there is a significantly
higher cost associated with minimally invasive mitral valve
surgery. This is largely related to the endoaortic balloon that
is our aortic occlusion technique of choice. Additional
operative cost is associated with longer operative times,
with increased associated nursing, operating room, and
perfusion costs. Moreover, the minimally invasive soft
tissue retractors, cannulas, and ports, although rather
inexpensive in comparison are additional contributors to
cost. Overall, there is an equivalent cost between the
approaches.

This study corroborates the findings of 2 previous re-
ports that found cost savings associated with a minimally
invasive approach. Iribarne and colleagues,” investigating
the Columbia University experience, noted statistically
significant cost savings with minimally invasive mitral
valve repair relative to sternotomy. Although the results
of Iribarne and colleagues’ are similar to the data we
have presented, there are significant differences that are
notable. Namely, their cannulation technique was direct
aortic cannulation with a Chitwood clamp. Although this
is a very safe and acceptable approach, our preference is
for femoral cannulation with an endoaortic balloon. We
have found that this approach allows simpler cannulation,
more rapid institution of cardiopulmonary bypass, and a
more limited incision. In addition, use of the endoaortic
balloon allows for ease of operation in a reoperative sce-
nario. Although concerns regarding vascular complica-
tions exist for femoral cannulation, in our extensive
experience we have noted very low rates of aortic injury
with the use of the endoaortic balloon and femoral cannu-
lation.” Similar to both our study and that of the Columbia
group, Grossi and colleagues® analyzed the “Premier
Database” containing patient billings and costs from
more than 600 hospitals and found a shorter hospital
stay (reduction of 2 days) with a 17% cost reduction
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associated with thoracotomy mitral valve surgery.
Although specific details are difficult to ascertain and
compare from this large, multicenter study, the trends
corroborate findings from both this study and that of the
Columbia group.”

In this study, we have demonstrated equivalent outcomes
with both standard and minimally invasive approaches. This
corroborates our recent propensity-matched, cohort-based
study, which demonstrated equivalent outcomes with
minimally invasive and sternotomy approaches.” There
have been numerous studies from excellent, high-volume,
minimally invasive mitral valve centers that similarly
have noted shorter hospital stays with excellent long-term
outcomes.” "’

On the basis of this study and preceding reports, we
advocate a minimally invasive approach to the mitral valve
for appropriately selected patients. In the properly selected
scenarios, shorter hospital and ICU stays and excellent
outcomes can be provided to patients without added cost,
as we have demonstrated. It is important to note that there
can be a significant learning curve associated with
minimally invasive and robotic mitral valve surgery, and
as such surgeons must be honest with themselves and their
patients with respect to their comfort and experience with
minimally invasive mitral valve surgery. Cost, however,
should not be a limiting factor in offering minimally
invasive mitral valve surgery to patients.

CONCLUSIONS

Minimally invasive mitral valve surgery can be
performed with overall equivalent cost and shorter hospital
and ICU stays than traditional sternotomy. There is greater
operative cost associated with minimally invasive mitral
valve surgery, but this is offset by shorter ICU and hospital
stays.
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