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Introduction

Since its inception in 1996, the performance of minimally 
invasive valve surgery (MIVS) has grown significantly (1-3). 
Many different approaches for MIVS have been described, 
however, the most commonly utilized include a right 
anterior or lateral thoracotomy, an upper hemisternotomy, 
and the use of robotic technology (Figure 1) (4). When 
compared with a standard median sternotomy (ST), the 
reported benefits of MIVS include: reduced surgical trauma, 
post-operative pain, blood loss and need for re-operation 
for bleeding, shorter ventilation time, intensive care 
unit (ICU) and hospital length of stay (LOS), decreased 
incidence of post-operative atrial fibrillation, reduced cost, 
less use of rehabilitation resources, improved cosmesis, and 
a more rapid return to functional activity (2,5-7). Because of 
these advantages, high-risk patients may especially benefit 
from this approach, as opposed to ST (8,9). However, 
these potential benefits may come with an increased risk of 
stroke, aortic dissection or aortic injury, phrenic nerve palsy, 
groin infections/complications, and increased cross-clamp, 

cardiopulmonary bypass, and procedure time (5). 
Currently, there is no clear definition of a “high-

risk” patient undergoing cardiac surgery. The currently 
available tools of risk prediction in cardiac surgery are 
the EuroSCORE II (10), and The Society of Thoracic 
Surgeons Predicted Risk Model (11). In the present paper, 
when discussing “high-risk” patients, we are referring to 
patients perceived to be “higher-risk”, meaning those with 
significant comorbidity, or those undergoing procedures 
that are associated with an increased morbidity and 
mortality risk. Herein, we discuss the data of patients 
undergoing MIVS deemed to be a higher risk for cardiac 
surgery, focusing on the more recent literature. 

Elderly patients

More than 4% of the US population age 75 years and older 
have aortic stenosis, and half of those affected will progress 
to hemodynamically severe aortic stenosis (12). This is a 
potential population of 4.2–5.6 million at present, expected 
to double by 2030. In regards to mitral regurgitation, 
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prevalence in the general population increases by 1.3-fold 
with each decade of life, and epidemiologic studies suggest 
that it may be the most common valve lesion in patients age 
65 years and older in the US (13,14). Despite this disease 
burden, approximately 33% to 49% of patients are denied 
surgical intervention due to a perceived age-related risk and 
morbidity associated with cardiac surgery (15,16).

Krishna et al., reported the outcomes of 255 consecutive 
patients that were ≥80 years of age and underwent MIVS for 
aortic valve replacement (AVR) via a right thoracotomy (17).  
Thirty-one (12.2%) patients had a history of prior cardiac 
surgery, and 3 (1.2%) required conversion to ST. Post-
operatively, 4 (1.6%) patients had cerebrovascular accidents 
(CVAs), 8 (3.1%) had acute kidney injury (AKI), and 4 
(1.6%) required re-operation for bleeding. The median 
hospital LOS was 7 days (IQR 6–10), with a 30-day 
mortality of 3.1%, demonstrating a low morbidity and 
mortality in those undergoing primary, or re-operative 
surgery. In a separate study, the outcomes of 119 patients 
with an age ≥75 years who underwent isolated mitral or 
aortic valve MIVS via a right thoracotomy were compared 
with 84 who had ST (18). Baseline characteristics were 
similar, except for a higher incidence of heart failure in 
patients undergoing ST (MIVS 36.1%, ST 56%, P=0.005). 
Three (2.5%) patients in the MIVS group required 
conversion to a median ST. Despite longer operative times, 
the MIVS group had a lower incidence of AKI (0.8% vs. 
16.7%, P<0.001), prolonged mechanical ventilation (19.3% 
vs. 38.1%; P=0.003), and deep wound infection (0.8% 
vs. 6%, P=0.034), as compared with ST. The in-hospital 
mortality was also lower in the MIVS group, being 1.7% 
vs. 9.5% in the ST group, P=0.01. Though limited by its 
retrospective nature, this study demonstrated that when 

compared with ST, MIVS may reduce morbidity and 
mortality in elderly patients. 

Iribarne et al., reported the outcomes of 175 patients 
who were ≥75 years of age, and underwent isolated mitral 
valve (MV) surgery (19). There were 70 patients who 
underwent MIVS via a right thoracotomy and 105 patients 
who underwent ST, with similar between-group baseline 
characteristics. The MIVS group experienced longer 
operative times, but with 3.1-day shorter hospitalization 
LOS (P=0.033), a similar rate of mitral valve repair 
(MVrep) (MIVS 53.5%, ST 58.9%, P=0.7), and no required 
conversion to ST. There were no significant differences in 
terms of operative mortality (7.1% vs. 2.8%, P=0.19), post-
operative AKI (1.4% vs. 5.7%, P=0.16), CVA (2.9% vs. 
6.7%, P=0.26), or 1-year survival (90% vs. 89.4%, P=0.9), 
between the MIVS vs. ST group. However, MIVS led 
to a reduction in re-operation for bleeding (MIVS 0, ST 
4.8%, P=0.06), lower cost of hospitalization (P=0.007), 
more likely discharge to home (P=0.021) and faster 
rates of independent ambulation (P=0.039) and sit-to-
stand activity (P=0.003). A propensity-matched analysis 
of 286 patients undergoing MV surgery, with an age  
>70 years, was conducted by Holzhey and colleagues (20). 
There were 143 patients who underwent MIVS via a right 
thoracotomy, and 143 who had ST. The MIVS group had 
longer duration of surgery (P=0.01), and a similar rate 
of MVrep (MIVS 53.1%, ST 58.7%, P=0.4); however, 
the incidence of arrhythmias (50.3% vs. 65.7%, P=0.023) 
and pacemaker implants (10.5% vs. 18.9%, P=0.059) was 
lower in the MIVS group, as compared with ST. There 
were no differences in the 30-day mortality (MIVS 7.7%, 
ST 6.3%, P=0.82) or combined major adverse cardiac and 
cerebrovascular events (MIVS 11.2%, ST 12.6%, P=0.86).

Left ventricular systolic dysfunction

Patients undergoing aortic or MV surgery with left 
ventricular systolic dysfunction have an inherently increased 
cardiac surgical risk, and are up to five times less likely to 
undergo surgical intervention, independent of other co-
morbid conditions (15,16). Thus, this population may 
benefit the most from the reduction in surgical trauma 
noted with MIVS. Nevertheless, concerns over prolonged 
operative times have questioned the use of MIVS techniques 
in these patients. 

Tabata and colleagues conducted a retrospective review 
of 140 patients with a left ventricular ejection fraction ≤40% 
undergoing AVR, and compared the results of 41 matched  

Figure 1 Common approaches to minimally invasive valve surgery. 
A, upper hemisternotomy; B, right anterior thoracotomy; C, right 
lateral thoracotomy.
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pairs who had MIVS via an upper hemisternotomy or full 
ST (21). The incidence of operative mortality (2.4% vs. 
4.4.9%, P=0.56), AKI (0 vs. 2.4%, P=0.32), CVA (0 vs. 2.4%, 
P=0.32), and hospital LOS (8.5 vs. 10.6 days, P=0.17), was 
similar between MIVS vs. ST. Garbade et al., reported the 
outcomes of 177 patients with a left ventricular ejection 
fraction ≤30% undergoing MIVS via a right thoracotomy 
for mitral regurgitation (22). All patients had severe 
secondary mitral regurgitation, 32 (18.3%) had a history 
of prior cardiac surgery, and the MVrep rate was 86.4%. 
Post-operative complications included AKI, CVA, and re-
operation for bleeding in 6.7%, 2.9%, and 6.9% of patients, 
respectively, and a mean hospital LOS of 17±12 days.  
The thirty-day mortality was 7.9%, with a ten-year 
survival of 45.5%. A similar study was performed in  
71 patients with severe left ventricular systolic dysfunction 
and secondary mitral regurgitation undergoing MIVS via 
a right thoracotomy (23). There were 31 (44%) patients 
that had MVrep, and 40 (56%) that had MV replacement. 
No patient required conversion to ST. There was 1 (1.4%) 
CVA, 5 (7%) patients developed AKI, and there were no 
re-operations for bleeding. The median hospital LOS was 
6 days (IQR 5–9 days), with an in-hospital mortality of 
2.8%, which was lower than the STS predicted mortality of 
6.6%. These studies demonstrate that in patients with left 
ventricular systolic dysfunction, MIVS can be performed 
safely with satisfactory perioperative outcomes.

In order to improve the durability of a MVrep for 
secondary mitral regurgitation, adjunctive subvalvular 
interventions have been increasingly utilized to correct 
papillary muscle displacement and relieve mitral leaflet 
tethering (24,25). Santana et al., analyzed the outcomes 
of 19 consecutive patients undergoing MIVS via a right 
thoracotomy for severe secondary mitral regurgitation 
in whom the MVrep was performed concomitantly 
with papillary muscle approximation utilizing a 4mm 
polytetrafluoroethylene graft (26,27). There were two 
(10.5%) cases of post-operative AKI, and no operative 
mortality, CVAs, or re-operations for bleeding. A 
subsequent study by Mihos and colleagues included a 
total of 58 patients who underwent MIVS MVrep and 
papillary muscle approximation via a right thoracotomy, 
which included the aforementioned cohort (28). There 
were no required conversions to ST, and post-operative 
complications included AKI in 2 (6%) patients, CVA in  
1 (3%), atrial fibrillation in 2 (6%), and 30-day mortality in 
2 (6%). The mean hospital LOS was 9±9 days, and actuarial 
survival at 1 and 3 years was 93% and 87%, respectively. 

These studies highlight the feasibility and safety of MIVS 
complex MVrep in the setting of left ventricular systolic 
dysfunction.

Multiple valve surgery

Double valve surgery

Double valve surgery accounts for approximately 11% 
of valve operations performed in the US (29). Patients 
requiring a multiple valve operation are typically afflicted 
with a more advanced disease state, which doubles the risk 
of operative mortality when compared with single valve 
operations, and decreases long-term survival (30,31). The 
Society of Thoracic Surgeons risk model estimates the 
operative mortality with combined mitral and tricuspid 
valve surgery at 7.6%, and with combined aortic and MV 
surgery at 9.4% (32).

Atik et al., performed a propensity analysis comparing 
the outcomes of 81 matched pairs of patients undergoing 
combined aortic and MV surgery via right thoracotomy 
MIVS or ST (33). Of note, 8.7% of MIVS and 6.2% of 
ST patients underwent additional tricuspid valve surgery, 
constituting a triple valve operation. MVrep was achieved in 
62.5% of the MIVS patients, and 60.7% with a ST approach. 
There was no difference in operative mortality (6.2% vs. 
2.5%, P=0.4), AKI (4.9% vs. 1.2%, P=0.4), CVA (2.5% vs. 
2.5%, P=1.0), atrial fibrillation (65% vs. 59%, P=0.5), or 
re-operation for bleeding (8.6% vs. 4.9%, P=0.5), between 
the MIVS and ST group. Long-term survival was also 
similar, being 82% for MIVS and 76% for ST at 10 years  
(P=0.7), demonstrating that MIVS for aortic and MV 
surgery can be performed with results comparable to ST.

In patients undergoing combined mitral and tricuspid 
valve surgery, Mihos et al., retrospectively evaluated the 
outcomes of 132 consecutive patients who had a right 
thoracotomy MIVS (34). The cohort consisted of 88% 
primary and 12% re-operative double valve surgery, and 
MVrep was performed in 67%. Post-operatively, there were 
6 (5%) cases of AKI, 6 (5%) re-operations for bleeding,  
4 (3%) CVAs, and 12 (9%) developed atrial fibrillation. The 
median hospital LOS was 8 days (IQR 6–13 days), and the 
in-hospital mortality was 4%. Survival at 1 and 5 years was 
93% and 88%, respectively. Another retrospective study 
reported the outcomes of 441 patients who had combined 
mitral and tricuspid valve surgery via a right thoracotomy 
over a 10-year period, of which 7.3% underwent re-
operative double valve surgery (35). The rate of MVrep was 
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79.8%. Post-operatively, there were 37 (8.2%) re-operations 
for bleeding, 10 (2.3%) CVAs, and 19 (4.3%) deaths at 
30 days. The actuarial survival at 5 years was 77.2%, 
demonstrating that MIVS for mitral and tricuspid valve can 
be performed routinely with good long-term outcomes.

Re-operative valve surgery

Re-operations pose a significant challenge due to the 
presence of pleural and epicardial adhesions, patent 
bypass grafts from previous coronary artery bypass graft 
surgery, which are at risk of intraoperative injury, and more 
challenging myocardial protection related to coronary 
artery disease and arterial bypass grafts. The operative 
mortality of patients undergoing re-operative valve surgery 
via ST has been reported as 11.1% to 13.4%, with each 
sternal re-entry conferring a 2.6-fold increased risk of death 
(36,37). Thus, the avoidance of sternal re-entry, limited 
dissection of adhesions, and avoiding the risk of injury to 
cardiac structures or patent grafts by utilizing MIVS is 
appealing in patients undergoing re-operation. 

Reoperative aortic valve surgery

Kaneko et al., compared the results of 51 octogenarians 
undergoing re-operative AVR via an upper hemisternotomy 
MIVS approach with 54 who underwent ST (38). Both 
groups had similar baseline characteristics. There was no 
difference in post-operative complications between the 
MIVS and ST group, including operative mortality (3.9% 
vs. 9.3%, P=0.44), AKI (0 vs. 7.4%, P=0.12), CVA (5.9% 
vs. 1.9%, P=0.35), re-operation for bleeding (7.8% vs. 
3.7%, P=0.43), and atrial fibrillation (15.7% vs. 28.7%, 
P=0.16). Actuarial survival was higher for MIVS at both  
1 year (92% vs. 79%) and 5 years (65% vs. 38%, P=0.028) 
post-operatively, as compared with ST. Another study of 
77 patients undergoing re-operative AVR, compared the 
results of 36 patients who underwent right thoracotomy 
MIVS with 41 patients that had ST (39). The MIVS 
group consisted of older patients (MIVS 75.3±9, ST  
68.2±13.6 years, P=0.009), and a higher prevalence of 
previous coronary artery bypass graft surgery (MIVS 86%, 
ST 59%, P=0.007). Composite post-operative complications 
occurred in 17% vs. 46% (P=0.005), and the ICU and 
hospital LOS were 48 (IQR, 41–97) vs. 69 hours (IQR, 
45–174) (P=0.03) and 7 (IQR, 5–10) vs. 9 days (IQR, 7–15) 
(P=0.03), for the MIVS vs. ST group, respectively. The in-
hospital mortality was 0 for patients undergoing MIVS 

cohort vs. 4 (10%) who received a ST, P=0.08. 
A systematic review of 13 retrospective studies analyzed 

the results of MIVS and ST for patients undergoing re-
operative AVR (40). The results demonstrated that for 
patients with prior cardiac surgery undergoing re-operative 
AVR, MIVS by means of a right thoracotomy or a partial 
upper hemisternotomy is feasible, and is at least as safe as 
conventional ST approach. It is associated with shorter 
hospital LOS and less blood product requirements, and may 
offer better post-operative outcomes, including decreased 
mechanical ventilation time, sternal wound infection, 
bleeding requiring re-operation, and in-hospital mortality. 

Reoperative mitral surgery

Murzi et  a l . ,  reported the outcomes of  173 right 
thoracotomy MIVS performed for mitral regurgitation 
in patients with a previous ST (41). MVrep was achieved 
in 30.6% of cases, and there were 2 (1.1%) required 
conversions to ST. The mean blood transfusion requirement 
was 1.4±1.1 units. Major complications included 11 (6%) 
CVAs, 11 (6.3%) re-operations for bleeding, and 4 (2.3%) 
developed AKI requiring dialysis. Thirty-day mortality 
occurred in 7 (4.1%) patients, and survival at 1, 5, and 
10 years was 93.1%, 87.5%, and 79.7%, respectively. 
The authors concluded that avoidance of extensive 
surgical dissection, optimal valve exposure, and low blood 
transfusion requirements were the main advantages of 
this technique. Mihos et al., compared the outcomes of  
59 patients with mitral regurgitation undergoing re-
operative right thoracotomy MIVS with 29 that underwent 
repeat ST (42). The patients in the MIVS group had a 
higher incidence of diabetes mellitus (MIVS 34%, ST 
10%, P=0.02) and prior myocardial infarction (MIVS 37%, 
ST 17%, P=0.06), while more patients undergoing ST 
had a history of congestive heart failure (MIVS 46%, ST 
76%, P=0.008). MVrep was more commonly performed in 
the MIVS group (MIVS 42%, ST 17%, P=0.02), and no 
patient undergoing MIVS required conversion to ST. The 
composite post-operative complications occurred in 29% of 
the MIVS group and 66% of the ST group (P=0.001), which 
was driven by a reduction in the incidence of prolonged 
mechanical ventilation (MIVS 15%, ST 55%, P<0.001). 
The median ICU and hospital LOS were [48 (IQR, 41–90) 
vs. 118 (IQR, 67–167) hours, P<0.001] and [8 (IQR, 6–12) 
vs. 13 (IQR, 9–18) days, P=0.001] for the MIVS vs. ST 
group, respectively. Finally, operative mortality occurred in 
2 (3%) in the MIVS and 4 (14%) in the ST group, P=0.07. 
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A systematic review analyzed nine retrospective studies 
comparing MIVS for re-operative MV surgery with a 
repeat ST approach. The authors concluded that the peri-
operative morbidity and mortality was similar between 
the two surgical approaches (43). The main advantages 
of re-operative MIVS were less post-operative bleeding, 
reduced need for blood transfusions, absence of deep sternal 
wound infections, and a higher rate of patient satisfaction. 
Furthermore, it appeared that hospital LOS and ventilation 
times were also reduced in these patients. 

Multiple reoperations

Patients requiring multiple re-operations are a significantly 
high-risk group, not only because of comorbidity, but also 
the increased amount of adhesions and bypass grafts. As 
noted earlier, each sternal re-entry after the index ST more 
than doubles the risk of operative mortality, and thus, it may 
be that this group would benefit the most from MIVS (36).  
A retrospective review of the outcomes of MIVS via a right 
thoracotomy in 38 consecutive patients with a prior history 
of two or more cardiac surgeries, including coronary artery 
bypass graft and/or valve surgery was performed (44).  
Eighteen (47%) patients had at least two prior valve 
surgeries, 11 (29%) had both previous coronary artery 
bypass graft and valve surgery, and 9 (24%) had two prior 
coronary artery bypass graft operations, There were  
34 isolated valve procedures, consisting of 24 MV 
operations, 9 AVRs, and 1 tricuspid valve repair; there were 
4 patients that underwent combined mitral and tricuspid 
valve surgery. Post-operative complications included  
2 (5.3%) CVAs, 3 (7.9%) re-operations for bleeding, and 
3 (7.9%) developed AKI. The median hospital LOS was  
9.5 days (IQR, 7–16 days), and 30-day mortality occurred in  
3 (7.9%) patients. The cumulative survival at 1 and 5 years 
was 82% and 72%, respectively. This study demonstrated 
that MIVS after multiple prior cardiac operations, for 
isolated or double valve procedures, is associated with 
acceptable peri-operative outcomes and mid-term survival. 

Obese patients

A high body mass index in patients undergoing cardiac 
surgery is associated with an increased risk of peri-
operative morbidity, including deep sternal wound 
infections, respiratory and renal complications, and 
prolonged ICU and hospital LOS (45-47). Consequently, 
obesity has often been considered a contraindication to 

MIVS, owing to the surgical risk and concerns regarding 
adequate surgical field exposure, lack of outcome data, and 
operator inexperience (48).

Santana et al., reported the results of 160 consecutive 
obese patients with a body mass index >30 kg/m2 who 
underwent isolated mitral and/or aortic valve surgery (49). 
The outcomes of 64 patients that underwent MIVS via a 
right thoracotomy were compared with 96 who had ST. 
The baseline characteristics were similar between groups, 
with the exception that the MIVS group was older (MIVS 
69.4±11, ST 64.7±11.5 years, P=0.015). The MIVS group 
experienced longer operative times; however, no patient 
required conversion to ST for inadequate surgical field 
exposure. When compared with ST, the composite of post-
operative complications, which were defined as the presence 
of postoperative renal failure, prolonged ventilation, 
reintubation, deep wound infection, pneumonia, sepsis, 
bleeding requiring re-exploration, stroke, or death, 
occurred significantly less in patients undergoing MIVS 
(23.5% vs. 51%, P=0.034), with a lower incidence of AKI 
(0 vs. 6.3%, P=0.041), prolonged mechanical ventilation 
(18.7% vs. 34.3%, P=0.049), and need for reintubation 
(4.7% vs. 15.6%, P=0.032). Additionally, a MIVS approach 
was associated with a reduction in the hospital LOS  
[7.7 (IQR, 5–9) vs. 11.7 (IQR, 7–16) days, P<0.001] and 30-
day mortality (0 vs. 8.3%, P=0.041), as compared with ST. 
This study demonstrated not only that MIVS is feasible 
in the obese, but that it is associated with a significant 
reduction in morbidity and mortality when compared with 
ST, despite longer operative times.

In a study that evaluated the effects of obesity on the 
outcomes of minimally invasive MV surgery via a right 
thoracotomy, Reser et al., compared the outcomes of 
27 obese patients with body mass index ≥30 kg/m2 with 
108 patients who had a normal weight with a body mass 
index lower than 25 kg/m2, and 90 patients who were 
overweight with a body mass index of 25 to 29 kg/m2 (50). 
The rate of required conversion to ST was similar between 
groups (obese 11.1%, non-obese 2%, P=0.08), as was the 
performance of MVrep (obese 85.2%, non-obese 93.9%, 
P=0.18). There were no differences in the occurrence of 
major adverse cardiac and cerebrovascular events; however, 
the obese patients did have longer ventilation times. 
Operative mortality occurred in 1 (0.5%) patient who was 
non-obese, and no patients in the obese group, P=1.0. 
Hospital lengths of stay, early survival, and freedom from 
re-operation were comparable between groups. The authors 
concluded that obesity should not deter a surgeon from 
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selecting MIVS.

Chronic obstructive pulmonary disease (COPD)/
pulmonary hypertension

The prevalence of COPD is estimated to be as high as 27% 
in patients undergoing cardiac surgery (51,52). After ST, 
there is the development of diaphragmatic dysfunction, with 
a reduction in vital capacity of 55% and functional residual 
capacity of 30% (53-55). These effects are exacerbated 
in patients with underlying COPD and contribute to 
development of atelectasis, pneumonia, and ventilation/
perfusion mismatching. It is hypothesized that the improved 
thoracic stability noted with MIVS, as well as less surgical 
trauma and decreased mechanical ventilation time, leads 
to earlier mobilization and normalization of pulmonary 
function. 

In a study of 165 patients with COPD who had isolated 
aortic or MV surgery, Santana et al., compared the results of 
100 patients who underwent MIVS via a right thoracotomy 
with 65 that had ST (56). The baseline characteristics did 
not differ between the two groups. In patients undergoing 
MIVS, the COPD severity was mild, moderate, or severe in 
15%, 82%, and 3% of the patients, while in the ST group, 
19% were mild, 75% were moderate, and 6% were severe 
(P=0.49). Amongst patients undergoing MV surgery, a valve 
repair was achieved in 33% of MIVS patients vs. 40% of 
those undergoing ST (P=0.57). There were no required 
conversions to ST in patients undergoing MIVS, and the 
incidence of operative mortality was similar (MIVS 1%, ST 
5%, P=0.14). The composite post-operative complications 
were reduced in the MIVS group (30% vs. 54%, P=0.002), 
which was driven by less prolonged mechanical ventilation 
(13% vs. 28%, P=0.02), as compared with ST. Finally a 
MIVS approach decreased the ICU and hospital LOS by  
24 hours and 3 days respectively (P<0.001, for both).  

As in patients with COPD, the presence of pre-
operative pulmonary hypertension increases the surgical 
risk of cardiac surgery. Peri-operative complications 
occur in approximately 14% of patients with pulmonary 
hypertension, and this risk increases commensurate to 
the severity of the disease (57). The outcomes of a right 
thoracotomy MIVS for aortic and/or MV surgery was 
analyzed in 569 patients with pulmonary hypertension, 
with a mean pre-operative pulmonary artery pressure of  
33±8 mmHg (58). The pulmonary hypertension severity 
was mild in 48% of the patients, moderate in 35%, and 
severe in 17%. There were 76 (13%) combined mitral and 

aortic valve operations, and no patient required conversion 
to ST. Operative mortality occurred in 20 (3.5%) patients, 
8 (1.4%) had a CVA, and the mean ICU and hospital LOS 
were 50±14 hours and 7±1 days, respectively. Despite a 
longer mechanical ventilation time and ICU LOS, patients 
with severe pulmonary hypertension (mean pulmonary 
artery pressure ≥40 mmHg) had similar outcomes to those 
with mild or moderate disease, highlighting the safety and 
feasibility of MIVS in this population.

Chronic kidney disease

Patients with chronic kidney disease account for 
approximately 10% of the US population, and may have 
a greater than 5-fold increased risk of mortality when 
undergoing cardiac surgery (59-61). These poor outcomes 
are the result of chronic uremic and metabolic derangements 
that occur with long-standing renal impairment, as well 
as upregulation of the inflammatory cascade, systemic 
endothelial dysfunction, and abnormal platelet function (59). 
Further deterioration of renal function after cardiac surgery 
is associated with prolonged hospital LOS, with even minor 
increases in serum creatinine negatively impacting resource 
utilization (62). 

Valdez et al., evaluated the outcomes of 688 patients 
with chronic kidney disease stages 2–5, who had isolated 
aortic or MV surgery (63). The results of 510 who had 
MIVS via a right thoracotomy were compared with 178 
who had ST. Baseline characteristics were similar, with the 
exception of older age in the MIVS group (MIVS 71.3±11.6 
years, ST 67.8±12 years, P=0.001). In patients undergoing 
MV surgery, a valve repair was performed in 60% in the 
MIVS group, and 66% of ST patients (P=0.36). Operative 
mortality occurred in 7 (1%) patients in the MIVS group, 
and 6 (3%) who underwent a ST (P=0.17). MIVS was 
associated with a lower incidence of AKI (8% vs. 15%, 
P=0.01), prolonged mechanical ventilation (17% vs. 28%, 
P=0.002) and reintubation (6% vs. 13%, P=0.004), sepsis 
(2% vs. 6%, P=0.008), and atrial fibrillation (19% vs. 27%, 
P=0.02), as compared with ST. With a MIVS approach, 
the ICU and hospital LOS was reduced by 23 hours and  
2 days, respectively. 

In a propensity analysis by Tang et al., the outcomes of 
90 matched pairs of patients who underwent MV surgery 
via a MIVS right thoracotomy vs. ST were evaluated (64).  
All patients had chronic kidney disease, with pre-operative 
creatinine of 1.3 mg/dL or greater. MVrep was performed 
in 36% of MIVS patients, and 39% in the ST group, 
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P=0.64. The patients undergoing MIVS had a lower 
incidence of AKI (10% vs. 21%, P=0.05), CVA (1% vs. 9%, 
P=0.017), and pacemaker insertion (3% vs. 11%, P=0.044), 
as compared with ST. While the operative mortality was 
similar between the groups (MIVS 6%, ST 10%, P=0.28), a 
MIVS approach was associated with a 20% greater actuarial 
survival at mid to long-term follow-up (P=0.037).

MV infective endocarditis

The incidence of infective endocarditis is cited at 1.4 to  
6.2 cases per 100,000 person years, with the MV affected in 
approximately two-thirds of patients with left-sided valvular 
endocarditis (65,66). Despite advancements in medical 
and surgical therapy, morbidity remains high, with 10-year  
overall and event-free survival reported to be 50% and 
17%, respectively. When considering surgical intervention, 
MVrep is favored over replacement given its association 
with superior short- and long-term outcomes (67,68).

Mihos et al., reported their outcomes of 50 patients 
with native MV endocarditis  undergoing surgical  
intervention (69). The results of 22 patients who had 
MIVS via a right thoracotomy were compared with  
28 patients who had ST. There were no baseline differences 
noted between groups, and no patient undergoing MIVS 
required a conversion to ST. Disease burden, as measured 
by the presence of chordal rupture, annular abscess, cusp 
perforation, and vegetation size, was similar between the 
groups. A MIVS approach was associated with a decreased 
incidence of sepsis (0 vs. 21%, P=0.02), less use of intra-
operative blood products (59% vs. 93%, P=0.004), higher 
rates of MVrep (56% vs. 21%, P=0.02), and shorter ICU 
LOS (56 vs. 114 hours, P=0.009), as compared with ST. 
There was no difference in in-hospital mortality (5% vs. 
14%, P=0.25), or 2.5-year actuarial survival (80% vs. 68%, 
P=0.33), between a MIVS vs. ST approach. This study, 
though limited by its small size and retrospective nature, 
did demonstrate a significant reduction in post-operative 
complications, as well as higher rates of MVrep, with MIVS. 

Conclusions

The data on MIVS demonstrate that, in higher-risk patients, 
adequate exposure of the surgical field can be obtained with 
experienced surgical teams. Additionally, this approach is 
associated with a lower use of blood products, shorter LOS, 
a lower morbidity, and in some instances a lower mortality, 
when compared with ST. However, the available evidence 

concerning the outcomes of MIVS in higher-risk patients is 
limited, due to the fact that the results were mainly derived 
from single center, retrospective studies, and thus are 
subject to significant selection bias. Also, the cohorts tended 
to be small in size, and provided only short-term outcomes. 
The same limitations apply to the studies that compared 
MIVS with ST. Finally, the advent of percutaneous therapies 
for patients at a prohibitive surgical risk has expanded the 
armamentarium available to surgeons and cardiologists in 
the treatment of valvular heart disease, and how the clinical 
outcomes of these newer techniques compare to MIVS is 
largely unknown (70,71). Adequately powered randomized 
prospective trials comparing MIVS with ST in higher-risk 
patients, as well as with transcatheter valvular therapies, are 
needed to corroborate these conclusions.
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