Original Article

Aortic valve replacement in patients with a left ventricular
ejection fraction =35% performed via a minimally invasive right
thoracotomy
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Background: We evaluated the outcomes of patients with aortic valve pathology in the setting of a left
ventricular ejection fraction <35% who underwent minimally invasive aortic valve replacement (AVR), with
or without concomitant mitral valve (MV) surgery.

Methods: All minimally invasive AVR in patients with a left ventricular ejection fraction <35%, performed
via a right thoracotomy for aortic stenosis or regurgitation between January 2009 and March 2013, were
retrospectively evaluated. The operative characteristics, perioperative outcomes, and 30-day mortality were
analyzed.

Results: There were 75 patients identified: 51 who underwent isolated AVR, and 24 who had
combined AVR plus MV surgery for moderate to severe mitral regurgitation. In patients undergoing
MV surgery, there were 22 (91.7%) MV repairs [ring annuloplasty =7 (37.5%), transaortic edge-
to-edge repair =15 (62.5%)], and 2 (8.3%) replacements. No patient required conversion to
sternotomy for inadequate surgical field exposure. The median total mechanical ventilation time
and intensive care unit length of stay were 14 (IQR, 8-20) and 42 hours (IQR, 26-93 hours) in the
isolated AVR group, and 16.5 hours (IQR, 12-61.5 hours) and 95.5 hours (IQR, 43.5-159 hours)
in the AVR plus MV surgery group, respectively. The most common post-operative complication was new-
onset atrial fibrillation, which occurred in 15 (29.4%) isolated AVR and 4 (16.7%) AVR plus MV surgery
patients. The median hospital length of stay and 30-day mortality was 7 days IQR, 5-12 days) and 1 (2%) in
the isolated AVR group, and 10.5 days (IQR, 5-21 days) and 1 (4.3%) for AVR plus MV surgery.
Conclusions: In patients with aortic valve pathology in the setting of a left ventricular ejection fraction
<35%, minimally invasive AVR can be performed, with or without concomitant MV surgery, with a low
morbidity and mortality.
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Introduction

In patients undergoing cardiac surgery, a reduced
preoperative left ventricular ejection fraction is noted in
approximately 10% to 15% of patients, and is associated
with a worse outcome (1). In those requiring aortic valve
replacement (AVR), for either aortic stenosis or aortic
regurgitation, a reduced left ventricular ejection fraction
is one of the most significant risk factors of early and late
mortality (2,3). In addition, clinically significant mitral
regurgitation may coexist in up to 35% of this population,
which often necessitates a double valve operation (4).
However, despite a higher operative mortality, AVR appears
to be beneficial in the majority of patients demonstrating
better survival coupled with improved ventricular function
and functional class (5-7).

Since the inception of minimally invasive valve surgery
in the mid-1990s, it has increasingly become accepted as an
alternative to conventional median sternotomy (8,9). The
benefits of minimally invasive valve surgery include decreased
perioperative bleeding, reduced post-operative complications,
and faster patient recovery, particularly amongst higher-
risk groups (8-10). This includes patients with a reduced left
ventricular ejection fraction, those undergoing a double valve
operation, and in the setting of re-operative valve surgery
(11-17). Therefore, we sought to evaluate the outcomes of
patients with aortic valve pathology and a left ventricular
ejection fraction of <35% who underwent right thoracotomy
minimally invasive AVR, with or without concomitant mitral

valve (MV) surgery.

Methods

This study was approved by the Mount Sinai Medical
Center Institutional Review Board. Our institutional Society
of Thoracic Surgeons (STS) Database was retrospectively
reviewed to identify patients with severe aortic valve
stenosis or regurgitation requiring surgical intervention
and a left ventricular ejection fraction of <35%, who
underwent minimally invasive AVR performed via a right
thoracotomy between January 2009 and March 2013, with
or without concomitant MV surgery. The variables analyzed
included baseline demographics, operative characteristics,
perioperative outcomes, and 30-day mortality.

Technique for minimally invasive AVR with or without

MV surgery via a right thoracotomy

The surgical approach performed at our institution has
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been described previously and is briefly summarized here
(15,18). A femoral platform was the preferred method to
establish cardiopulmonary bypass. Trans-incisional direct
aortic cross-clamping was performed in both the aortic and
MV procedures. For isolated AVR, a right thoracotomy was
performed via a 5 cm to 6 cm right transverse skin incision
made approximately 1 cm lateral to the sternum over the
second to third intercostal space, and the costochondral
cartilage was transected. Debridement and resection
of the native aortic valve leaflets was performed with
standard techniques, followed by implantation of the aortic
prosthesis. For combined aortic and MV surgery, a 6-7 cm
incision was performed over the 4th intercostal space
starting at the mid-clavicular line and extended laterally,
with the MV accessed via a left atriotomy.

MYV replacement was performed utilizing a chordal-
sparing technique, with excision of the anterior and
preservation of the posterior leaflet, or preservation of
both leaflets when technically feasible. For MV repair
utilizing a ring annuloplasty, the ring was sized according
to the surface area or height of the anterior mitral leaflet,
with resectional techniques performed as warranted by the
underlying pathology. In patients undergoing a transaortic
edge-to-edge MV repair, the A2 and P2 segments of the
MV were identified after debridement and excision of the
native aortic valve. The edge-to-edge repair was performed
1 cm proximal to the leaflet free edges, utilizing a 4-0
Prolene (Ethicon, Somerville, NJ USA) mattress suture
reinforced with Teflon (Ethicon) pledgets on the ventricular
side of the MV. Patients were candidates for a transaortic
edge-to-edge MV repair if the mitral regurgitation jet
originated from the A2-P2 leaflet scallops, there was limited
leaflet and annular calcification, and there was no significant
annular dilatation (19,20).

Statistical methods

All continuous variables were expressed as mean = 1
standard deviation, or median and interquartile range (IQR,
25% to 75%). Frequencies were expressed as the number
and percentage. The Statistical Package for Social Sciences,
version 21 (SPSS Inc., Chicago, IL, USA) was used in the

data analyses.
Results

There were 75 consecutive patients identified with severe
aortic valve stenosis, or regurgitation, with a left ventricular

F Thorac Dis 2017;9(Suppl 7):S607-S613



Journal of Thoracic Disease, Vol 9, Suppl 7 June 2017

Table 1 Patient demographics
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Aortic valve replacement

Aortic valve replacement and mitral valve surgery

Variable (N=51) (%) (N=24) (%)
Age (years, mean + SD) 72.1+11.3 74.7+12.4
Female gender 7 (138.7) 6 (25.0)
Body surface area (m®, mean = SD) 1.98+0.14 1.96+0.2
Left ventricular ejection fraction (%, mean = SD) 28+6 27+5
Creatinine (mg/dL, mean + SD) 1.18+£0.48 1.17+£0.38
Diabetes mellitus 20(39.2) 8(33.3)
Hypertension 47 (92.2) 20 (83.3)
Congestive heart failure 20 (39.2) 14 (58.3)
Chronic obstructive pulmonary disease 10 (19.6) 5(20.8)
Peripheral vascular disease 11 (21.6) 5(20.8)
Prior myocardial infarction 21 (41.2) 14 (58.3)
Prior cardiac surgery 9(17.6) 6 (25.0)
Aortic valve lesion

Aortic stenosis 43 (84.3) 18 (75.0)

Aortic regurgitation 5(9.8) 4 (16.7)

Aortic stenosis and aortic regurgitation 3(5.9) 2(8.3)
Moderate to severe mitral regurgitation 0 24 (100.0)

SD, standard deviation.

ejection fraction of <35% who underwent minimally
invasive valve surgery via a right thoracotomy. There were
51 patients who underwent isolated AVR, and 24 patients
who had combined AVR and MV surgery for concomitant
moderate to severe mitral regurgitation.

Outcomes of isolated AVR

The mean age was 72.1+11.3 years, 7 (13.7%) were females,
and 9 (17.6%) had a history of prior cardiac surgery. The
mean left ventricular ejection fraction was 28%+6%.
Co-morbidities included 21 (41.2%) with a history of prior
myocardial infarction, 20 (39.2%) with congestive heart
failure, and 10 (19.6%) with chronic obstructive pulmonary
disease. The aortic valve pathology was stenosis in
43 (84.3%), regurgitation in 5 (9.8%), and both in 3 (5.9%)
patients, respectively (1able I).

No patient required conversion to sternotomy,
and the median cardiopulmonary bypass time was
116 minutes (IQR, 101-132 minutes). The median
total post-operative mechanical ventilation time was
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14 hours (IQR, 8-20 hours), and the intensive care
unit length of stay was 42 hours (IQR, 26-93 hours).
The most common post-operative complication was new-
onset atrial fibrillation, which occurred in 15 (29.4%)
patients. There were 2 (3.9%) cases of acute kidney injury,
and no cerebrovascular accidents. The median hospital
length of stay was 7 days (IQR, 5-12 days), and 30-day
mortality occurred in 1 (2%) patient (Tables 2,3).

Outcomes of AVR plus MV surgery

The mean age was 74.7£12.4 years, 6 (25%) were females,
and 6 (25%) had a history of prior cardiac surgery. The
mean left ventricular ejection fraction was 27%+5%.
Co-morbidities included 14 (58.3%) with congestive heart
failure, 14 (58.3%) with a history of myocardial infarction,
and 5 (20.8%) with peripheral vascular disease. The aortic
valve pathology was stenosis in 18 (75.0%), regurgitation in
4 (16.7%), and both in 2 (8.3%) patients, respectively
(Table 1).

Concomitant MV repair was performed in 22 (91.7%)
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Table 2 Procedural characteristics

Aortic valve replacement Aortic valve replacement and mitral valve surgery

Variable (N=51) (N=24)
Isolated aortic valve replacement 51 (100%) 0
Aortic valve replacement and MV repair 0 22 (91.7%)*
Ring annuloplasty 0 7 (37.5%)
Transaortic edge-to-edge repair 0 15 (62.5%)
Aortic and mitral valve replacement 0 2 (8.3%)
Aortic cross-clamp time (minutes, median, IQR) 82 [72-100] 100 [87-135]
Cardiopulmonary bypass time (minutes, median, IQR) 116 [101-132] 133 [118-175]
Packed red blood cell transfusions (units, median, IQR) 1(0-2) 1.5 (0-2)
Conversion to sternotomy 0 0

¢, includes one patient requiring concomitant tricuspid valve repair. MV, mitral valve; IQR, interquartile range.

Table 3 Post-operative results

Variable Aortic valve replacement Aortic valve replacement and mitral valve surgery
(N=51) (N=24)

Ventilation time (h, median, IQR) 14 [8-20] 16.5 [12-61.5]

Intensive care unit length of stay (h, median, IQR) 42 [26-93] 95.5 [43.5-159]

Acute kidney injury 2 (3.9%) 1(4.2%)

Re-operation for bleeding 0 1(4.2%)

New-onset atrial fibrillation 15 (29.4%) 4 (16.7%)

Cerebrovascular accident 0 1(4.2%)

Hospital length of stay (days, median, IQR) 7 [5-12] 10.5 [6-21]

Thirty-day mortality 1(2.0%) 1(4.2%)

IQR, interquartile range.

patients, and MV replacement was performed in 2 (8.3%). stay was 10.5 days (IQR, 5-21 days), and 30-day mortality
The MV repairs consisted of ring annuloplasty in 7 (37.5%), occurred in 1 (4.2%) patient (Table 3).

and a transaortic edge-to-edge repair in 15 (62.5%). Of
note, 1 (4.2%) patient who underwent AVR plus MV repair

. . . . . . Discussion

also required tricuspid valve repair for severe tricuspid

regurgitation. There were no required conversions to Patients undergoing AVR with a reduced left ventricular
sternotomy, and the median cardiopulmonary bypass time systolic function are at a substantial risk for perioperative
was 133 minutes IQR, 118-175 minutes) (Zable 2). The morbidity and mortality, and account for approximately
median total post-operative mechanical ventilation time was 11.5-13% of patients undergoing AVR (6). The operative
16.5 hours (IQR, 12-61.5 hours), and the intensive care unit mortality is also increased in those undergoing double valve
length of stay was 95.5 hours (IQR, 43.5-159 hours). The procedures, being 9.4% to 10.7% for those undergoing
most common postoperative complication was new-onset concomitant aortic and MV surgery (21,22). Higher-risk
atrial fibrillation, which occurred in 4 (16.7%) patients. patients are far less likely to undergo AVR based on their
There was 1 (4.2%) case of acute kidney injury, and 1 (4.2%) clinical risk profiles, with a reduced left ventricular ejection
cerebrovascular accident. The median hospital length of fraction decreasing the likelihood of intervention by more
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than 2-fold (23,24). This is in spite of the established
benefit of AVR in terms of improvement in systolic function
and reverse remodeling of the left ventricle (25,26). As
such, data suggests that a minimally invasive approach,
with its enhanced recovery, may be a viable alternative
in this high-risk population (9,10). Indeed, the present
study demonstrated excellent outcomes, with a fairly low
incidence in morbidity, reasonable hospital lengths of stay,
and a thirty-day morality of 2% and 4.2% in patients with
a left ventricular ejection fraction <35% who underwent
isolated AVR or AVR plus MV surgery, respectively.

The data on minimally invasive surgery in patients
with aortic valve pathology and reduced left ventricular
ejection fraction are limited. Tabata ez 4/., conducted a
retrospective review of 140 patients with a left ventricular
ejection fraction <40% who underwent isolated AVR via
an upper hemi-sternotomy (11). Two matched cohorts of
41 patients each were constructed using a propensity score
analysis to compare the surgical approaches. The incidence
of operative mortality (2.4% vs. 4.8%, P=0.56), acute kidney
injury (0% vs. 2.4%, P=0.32), cerebrovascular accidents
(0% wvs. 2.4%, P=0.32), and blood transfusion requirement
(46.3% vs. 31.7%, P=0.17) were similar between the
minimally invasive and median sternotomy groups. Also
noted were similar hospital lengths of stay (8.5 vs. 10.6 days,
P=0.17) and discharge to home rates (73.2% wvs. 56.1%,
P=0.13). Subsequently Nguyen et al., retrospectively
evaluated 688 patients who underwent AVR via a right
thoracotomy, and 815 who had AVR via a standard median
sternotomy (12). A propensity analysis was performed to
compare 35 matched pairs of patients undergoing right
thoracotomy versus median sternotomy AVR in the setting
of a left ventricular ejection fraction <40%. There was
no difference in the intensive care unit length of stay
(69 vs. 72.6 h, P=0.80), postoperative hospital length of stay
(10.3 vs. 7.2 days, P=0.13), or 30-day mortality (3.8% uvs.
0.8%, P=0.50). The results of these two studies demonstrate
that a minimally invasive approach to AVR in the setting
of left ventricular systolic dysfunction can be performed
safely, with morbidity and mortality outcomes similar to
full sternotomy. It should be noted, however, that the small
number of patients included limits the statistical power to
elucidate differences in clinical outcomes, and the results
should be interpreted within this context.

In the 2017 update to the valvular heart disease
guidelines, the American College of Cardiology/American
Heart Association have assigned a class IA recommendation
for transcatheter AVR (TAVR) as an alternative to surgical
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AVR in high-risk patients, given at least comparable
outcomes between the approaches in randomized controlled
trials (27-29). However, direct comparisons between a
minimally invasive approach to AVR and TAVR are scarce.
Miceli et al., presented the outcomes of 74 propensity-
matched patients who underwent minimally invasive
sutureless AVR via a right thoracotomy or TAVR (30).
The mean age of the cohort was 79+6 years, with a median
logistic EuroSCORE of 14% (range 9-20%). While there
was a higher incidence of paravalvular leak in the TAVR
group, there were no differences in in-hospital mortality
(8.1% wvs. 0%, P=0.25), cerebrovascular accident (5.2%
vs. 0%, P=0.3), or 2-year survival, (66.2% vs. 91.2%,
P=0.1), when compared with minimally invasive AVR.
Future prospective studies are needed to assess the optimal
approach to less invasive AVR in high-risk populations.

In the present study, 24 (32%) patients required double
valve surgery for aortic valve disease and concomitant
moderate to severe mitral regurgitation, which increases the
risk and complexity of the operation. Despite the severely
reduced left ventricular systolic function and clinical risk
profile, a right thoracotomy approach resulted in acceptable
perioperative outcomes and a low 30-day mortality, with
an excellent MV repair rate of 91.7%. Approximately two-
thirds of the patients underwent a transaortic edge-to-edge
MV repair, which avoids extensive mediastinal dissection
and the need for an atriotomy, and requires approximately
10 additional minutes in operative time (19,20,31,32). Thus,
the decreased surgical trauma afforded by this technique
may be of particular benefit in high-risk patients (33).
Strict selection criteria based on preserved annular and
leaflet mechanics and anatomy as described herein, is of
great importance to reduce the risk of recurrent mitral
regurgitation given the lack of a ring annuloplasty, and to
avoid the possibility of functional mitral stenosis (34,35).

The present study is subject to the limitations found in a
single center, retrospective study design, which is associated
with an inherent selection bias. In both groups of patients
the aortic valve pathology varied, which can have important
therapeutic and operative implications as aortic stenosis
and regurgitation each impart different hemodynamic loads
and remodeling changes upon the ventricle. In patients
who underwent concomitant MV surgery, the etiology of
the mitral regurgitation is unknown. This is important as
significant secondary mitral regurgitation may improve
in up to 50% of patients undergoing AVR for aortic
stenosis, due to favorable changes in the left ventricular
hemodynamic loading and reverse remodeling that
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occurs post-operatively (5,36). Finally, there is no median
sternotomy comparison group, the clinical follow-up time
period is limited to 30 days, and serial echocardiographic
examination was not available, limiting the conclusions that
may be inferred from the present data.

In conclusion, in patients with severe aortic stenosis or
regurgitation in the setting of a left ventricular ejection
fraction of <35%, minimally invasive AVR via a right
thoracotomy can be performed safely and effectively for
isolated aortic valve disease or in combination with MV
surgery, with a low morbidity and mortality. It may be
considered as an alternative to median sternotomy, with
future studies comparing this approach to TAVR needed to
define the optimal less invasive approach to high-risk AVR.
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