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Objective: With advancements in technology, instrumentation and techniques in minimally invasive surgery, several new 
findings have arisen about patients undergoing minimally invasive cardiac valve surgery (MICVS). This study focuses on assessing 
the safety and effectiveness of MICVS in a particular population, characterized by advanced age, multiple comorbidities and a 
high-risk profile for conventional open-heart surgery amid scepticism and resistance over minimally invasive cardiac surgery.

Methods: This is a descriptive retrospective study. The patients with valvular heart disease having multiple co-morbidities (e.g. 
left ventricular dysfunction (LVD), elderly, severe pulmonary arterial hypertension (PAH), chronic obstructive pulmonary disease 
(COPD), chronic kidney disease (CKD), obesity, redo surgery etc.) who underwent MICVS between August 2018 to December 
2021 at our tertiary cardiac care Institute (UNMICRC)(n=100) were included. Overall, 77 patients underwent minimally invasive 
mitral/tricuspid valve interventions through right anterolateral mini thoracotomy and 23 patients underwent minimally 
invasive aortic valve intervention. Various outcomes in terms of patient demographics, intraoperative findings, perioperative 
data, hospital length of stay, complications  were observed and analyzed.

Results: Out of 100 patients, 47 were male & 53 were female. The mean age was 43.26 (12.80) years; 13 had infective endocarditis, 
11 had previous cardiac intervention, 11 had COPD, 4 had previous history of stroke, 64 patients were diabetic having HbA1C 
> 7%, 22 patients had severe PAH, 16  -  LVD. Nine patients had CKD, among them two patients were on hemodialysis. Average 
mechanical ventilation time was 9.6 (6.67) hours, average hospital stay was 4.85 (1.05) days and average ICU stay was 56.4 
(13.37) hours. 

Conclusion: In comparison to conventional methods, MICVS appears to have more promising results for this specific patient 
group, such as fewer postoperative complications, shorter mechanical ventilation time, shorter hospital & ICU stay and a 
tendency towards quicker recovery. The study highlights the significance of careful patient selection and surgeon experience, 
as well as the difficulties and complexities of applying MICVS in this specific patient group.
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Introduction

Over the past ten years, there has been a rise in the use of 
minimally invasive, or less invasive, techniques for heart 
valve surgery. Early investigations in patients with lower risk 
showed the method was associated with improved recovery, 
higher patient satisfaction, and good operating results due to 
its less traumatic nature (1). 

Over the time, surgeons used this strategy to treat patients 
with more comorbidities and performed more complex 
surgeries, despite a steep learning curve. Heart valve surgery 
that is minimally invasive is a relatively new and noteworthy 
paradigm shift. Initially, traditionalists opposed these 
methods, saying that smaller incisions result in less exposure 
and inferior results.

The last ten years have seen tremendous advancement 
and improvement in procedures, which has led to the 
understanding that complicated valve surgery may be 
successfully conducted using a minimally-invasive approach. 
Minimally invasive cardiac valve surgery (MICVS)  is therefore 
being used more often as a standard procedure in several 
institutions around the globe, with outstanding short-
term and long-term outcomes. Only after becoming skilled 
in performing the conventional operations, all MIVS are 
undertaken. 

This study’s objective is to evaluate the effects of MICVS in 
patients with co-morbidities on postoperative complications, 
respiratory issues, hospital length of stay (LOS), and returning 
to routine activities.

Methods
Study design and population

This was a descriptive retrospective study conducted for a 
duration of 3 years from August 2018 to December 2021 at 
our tertiary cardiac care center, in Ahmedabad. A total of 
100 patient’s data were collected. The study was conducted 
after Institutional ethical committee clearance (UNMICRC/
CVTS/2019/18). Informed consent was taken from all the 
patients. 

In this study, the patients with valvular heart disease having 
multiple co-morbidities (e.g. left ventricular dysfunction (LVD), 
elderly, with severe pulmonary arterial hypertension (PAH), 
chronic obstructive pulmonary disease (COPD), chronic kidney 
disease (CKD), obesity, redo surgery etc.) undergoing MICVS 
(n=100) were included. Patients with COPD (long-term use of 
bronchodilators or steroids), PAH (pulmonary artery systolic 
pressure >31mmHg), patients with left ventricular systolic 
dysfunction(left ventricular ejection fraction <45%), dyspnea 
with NYHA III/NYHA IV class, patients with history of  previous 
cardiac intervention, patients with prior cerebrovascular 
events (CVE)/stroke, patients with CKD and patients with body 
mass index (BMI) >30 kg/m2 were included. 

Collected data

We assessed demographic – age, sex, anthropometric  - BMI, 
history of cardiac intervention and stroke, diabetes, infective 
endocarditis, COPD, NYHA class, LVEF, laboratory - HbA1c and 
creatinine level.

Perioperative data included  types of MICVS – mitral valve 
(MVR) and aortic valve (AVR) replacement, mitral valve and 
tricuspid valve repair, cardiopulmonary bypass time (CPB), 
mechanical ventilation duration,  length of intensive care unit 
(ICU) and hospital stay.

The following complications were recorded: conversion to 
sternotomy, re-exploration , heart block, arrhythmia (atrial 
fibrillation, AF), wound infection, septicemia, CVE, and re-
intubation.

Surgery procedure

As far as cannulation strategies for cardiopulmonary bypass 
are concerned, femoral vessels were surgically isolated and 
cannulated using peripheral arterial and venous cannulas. 
In most cases, right anterior mini thoracotomy (RAMT) was 
performed with peripheral cannulation for CPB. Mini J-shaped 
sternotomy with central cannulation was performed in some 
aortic valve surgeries. St. Thomas cardioplegia solution was 
used in all the patients. 

Statistical analysis
Data are presented as number (%) and mean SD. 

Results
Clinical characteristics

Out of 100 patients included in the study, 47 were male and 
53 were female. The mean age in our study was 43.26 (12.80) 
years, 13 patients were above the age of 60 years. As far as the 
significant previous history of the patient is concerned, 13 had 
infective endocarditis, 11 had previous cardiac intervention 
(balloon mitral valvuloplasty, mitral commissurotomy, balloon 
aortic valvuloplasty), 11 had COPD and 4 had previous history 
of stroke. The mean BMI was 25.53 (3.54) kg/m2,  60 patients 
had NYHA class III and 40 patients had NYHA class II. According 
to PAH severity, 22 patients had severe PAH, 6 patients had 
moderate, and 26 had mild PAH (Table 1).

According to biochemical parameters, 64 patients were 
diabetic having HbA1C > 7% and 9 patients had CKD of 
whom two patients were on maintenance hemodialysis. Left 
ventricular  function wise, 84 patients had preserved LVEF, 14 
patients had moderate LVD and two patients had severe LVD.
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Perioperative data

Among 100 patients, 77 patients had undergone minimally 
invasive mitral/tricuspid valve intervention through right 
anterolateral thoracotomy in the 4th   intercostal space (ICS)/ 

3rd ICS and 23 patients had undergone minimally invasive 
aortic valve surgery through right anterior thoracotomy in the 
2nd ICS/ through median upper J shaped hemi sternotomy 
(Table 2). Intraoperative and postoperative parameters are 
shown in Table 3.

Table 1. Clinical characteristics

Variables Number or mean (SD)

Male, n
Female, n

47
53

Mean age, years 43.26 (12.80)

Infective endocarditis, n 13

COPD, n 11

History of stroke, n 4

Previous cardiac intervention, n 11

Mean BMI, kg/m2 25.53 (3.54)

NYHA Class, n
Class-I
Class-II
Class-III
Class-IV

0
40
60
0

HbA1c, n
 > 7 %
< 7 %

64
36

Serum creatinine, n
<1.2 mg/dL 
>1.2 mg/dL 

91
09

LVEF, n
<30 %
31-50 %
>51 %

2
14
84

Table 2. Technique of MICVS

Variables No of patients 

MICVS 55 

Mini MVR 23 

Mini AVR 14 

Mini MVR + TV repair 7 

Mini MV repair 1 

Mini MV repair + TV repair 100 

Total 25.53 (3.54)

AVR - aortic valve replacement,  MICVS – minimally invasive cardiac surgery,  MV – mitral valve, MVR - mitral valve replacement,  
TV – tricuspid valve
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Table 3. Intraoperative and postoperative data

Variables Mean (SD)

Mean CPB Time, min Mean CPB Time, min

Mean duration of mechanical ventilation, hours Mean duration of mechanical ventilation, hours 

Mean duration of ICU stay, hours Mean duration of ICU stay, hours 

Mean duration of hospital stay, days Mean duration of hospital stay, days 

Mean postoperative LVEF, % Mean postoperative LVEF, %

CPB – cardiopulmonary bypass, ICU – intensive care unit, LVEF – left ventricular ejection  fraction

Table 4. Complications of MICVS

Complication Number of patients

Conversion to Sternotomy 1

Re-exploration 2

LCOS 1

Heart block 3

Arrhythmia (AF) 15

Wound Infection 0

Septicemia 1

CVE 1

Re-intubation 0

AF – atrial fibrillation, CVA – cerebrovascular event, LCOS – low cardiac output syndrome, MICVS – minimally invasive 
cardiac surgery

Snehkunj et al.Heart, Vessels and Transplantation 2024; 8: 364-70
Minimally invasive surgery in VHD with comorbidities 

Complications (Table 4)

Among all of the 100 patients, there was no paravalvular 
leak in the postoperative period. Fifty-four patients had mild 
right ventricular dysfunction and one patient of mini MVR 
developed severe right ventricular dysfunction. One patient 
developed complete atrioventricular block after mini AVR 
and required permanent pacemaker implantation in the 
same setting. One patient developed right common femoral 
artery stenosis after decannulation, so an interposition PTFE 

graft was placed in common femoral artery. In one patient re-
exploration was done for bleeding. There was one death out of 
total 100 patients (1% mortality). That patient who  underwent  
mini  MVR, developed severe right ventricular  dysfunction 
intraoperatively after weaning  off CPB, so converted to 
midline sternotomy and veno-arterial extracorporeal 
membrane oxygenation (VA ECMO) was instituted, however 
patient expired on post-operative day 3 due to low cardiac 
output syndrome and  multi organ dysfunction. The rate of 
conversion to midline (open) sternotomy was 1% (Table 5).

Discussion 

Since ages, midline sternotomy has remained the standard 
and preferred approach for most cardiac surgery including 
valve surgeries and surgeries performed using CPB. MICVS has 
remained under scepticism due to a higher learning curve and 

limited surgical site exposure. However, with advancements 
in technology, instrumentation, techniques, and well-trained 
surgeons in minimally invasive surgery, many canters have 
proven time and over that MICVS is equally safe quality-wise 
with better cosmetics and less trauma (2). 
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However, data on MICVS are limited. Sternotomy has its own 
complications. Apart from being associated with cosmetically 
disfiguring scars, there are risks of complications, e.g. sternal 
instability, dehiscence and deformity, wound infection and 
postoperative sternal and scar pain, blood loss, and prolonged 
hospital stay (2). 

In the last three decades, MICVS  with peripheral cannulation 
has gained widespread acceptance in adults with good results 
in a wide range of congenital and acquired cardiac diseases. 
The minimally invasive nature of this procedure reduces the 
incidence of postoperative mediastinitis and wound pain to 
a minimum. It can provide the promise of expediency, safety, 
minimal discomfort, less postoperative pain, quick functional 
recuperation, excellent cosmetic healing, shortened 
hospital stays, and therefore savings in cost. 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, CPB, 
and procedure time. During the last two decades, there 
has been considerable emphasis on sternal sparing and 
cosmetically superior approaches. Hence, several alternative 
minimally invasive approaches have been described however; 
the most commonly utilized include a right anterior or lateral 
thoracotomy, an upper hemisternotomy, and the use of 
robotic technology (2).

Left ventricular dysfunction 

In our study, 18% of patients undergoing MICVS had LVD. The 
incidence of operative mortality, re-exploration, acute kidney 
injury, low cardiac output syndrome (LCOS), and CVE was 0. 
The average hospital length of stay was 4.15 (1.05) days. Tabata 
and colleagues conducted a retrospective review of 140 
patients with a LVEF ≤40% undergoing AVR, and compared 
the results of 41 matched pairs who had MICVS via an upper 
hemisternotomy or full sternotomy (3).

 The incidence of operative mortality (2.4% vs. 4.4.9%, p=0.56), 
acute kidney injury (0 vs. 2.4%, p=0.32), CVE (0 vs. 2.4%, 
p=0.32), and hospital length of stay (8.5 vs. 10.6 days, p=0.17), 
was similar between MICVS vs. sternotomy (3). Garbade et al. 
(4) reported the outcomes of 71 patients with severe LVD and 
secondary mitral regurgitation undergoing MICVS via a right 
thoracotomy. There were 31 (44%) patients that had mitral 
valve repair, and 40 (56%) that had MVR. No patient required 
conversion to sternotomy. There was 1 (1.4%) CVE, 5 (7%) 
patients developed acute kidney injury, and there were no re-
operations for bleeding. The median hospital length of stay 
was 6 days (IQR 5–9 days), with in-hospital mortality of 2.8%, 
which was lower than the STS predicted mortality of 6.6%. 
These studies demonstrate that in patients with LVD, MICVS 
can be performed safely with satisfactory perioperative 
outcomes.

Obesity

High BMI in patients undergoing cardiac surgery is associated 
with an increased risk of perioperative morbidity, including 

deep sternal wound infections, respiratory and renal 
complications, and prolonged ICU and hospital length of stay 
(5). In our study, 9% of patients were from the obese group 
(BMI>30kg/m2) and 52% of patients were from the overweight  
group. This group required longer operative times but no 
patient required conversion to sternotomy for inadequate 
field exposure. Two patients developed basal atelectasis in 
the postoperative period. No incidence of postoperative 
renal failure, reintubation, deep wound infection, pneumonia, 
sepsis, bleeding requiring re-exploration, stroke, or death was 
recorded. The average hospital length of stay in this group was 
4.65 (1.05) days. Santana et al. (6) 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. 
The outcomes of 64 patients who underwent MICVS via a right 
thoracotomy were compared with 96 who had sternotomy. 
The baseline characteristics were similar between groups. The 
MICVS group experienced longer operative times; however, 
no patient required conversion to sternotomy for inadequate 
surgical field exposure. When compared with sternotomy, 
the composite of postoperative 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 
MICVS (23.5% vs. 51%, p=0.034), with a lower incidence 
of acute kidney injury (0 vs. 6.3%, p=0.041), prolonged 
mechanical ventilation (18.7% vs. 34.3%,p=0.049), and need 
for re-intubation (4.7% vs. 15.6%, p=0.032). Additionally, 
a MICVS approach was associated with a reduction in the 
hospital length of stay  [7.7 (IQR, 5–9) vs. 11.7 (IQR, 7–16) days, 
p<0.001] compared with sternotomy. 

This study demonstrated not only that MICVS is feasible 
in the obese, but also that it is associated with a significant 
reduction in morbidity and mortality when compared with 
sternotomy, despite longer operative times. There were no 
differences in the occurrence of major adverse cardiac and 
cerebrovascular events; however, the obese patients did have 
longer ventilation times. The authors concluded that obesity 
should not deter a surgeon from selecting MICVS.

Chronic obstructive pulmonary disease and pulmonary 
hypertension 

The prevalence of COPD is estimated to be as high as 27% in 
patients undergoing cardiac surgery (7). After sternotomy, 
there is the development of diaphragmatic dysfunction, with 
a reduction in vital capacity of 55% and functional residual 
capacity of 30% (8). These effects are exacerbated in patients 
with underlying COPD and contribute to the development 
of atelectasis, pneumonia, and ventilation/ perfusion 
mismatching. It is hypothesized that the improved thoracic 
stability noted with MICVS, as well as less surgical trauma 
and decreased mechanical ventilation time, leads to earlier 
mobilization and normalization of pulmonary function. 
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In our study group, 11% of patients had COPD and 26%, 2% & 
22% of patients had mild, moderate and severe PAH respectively 
undergoing minimally invasive mitral/aortic valve surgery. One 
patient of moderate PAH developed severe right ventricular 
dysfunction intraoperatively, because of not being able to wean 
off CPB, thoracotomy converted to sternotomy, and VA ECMO 
instituted in view of severe RV dysfunction; due to LCOS, acute 
kidney injury, multi organ dysfunction and sepsis patient died 
on postoperative day 3. Two patients with COPD developed right 
basal atelectasis. The mean duration of mechanical ventilation 
required in the postoperative period was 8.6 (4.17) hours. The 
mean duration of ICU stay was 58.4 (13.37) hours. The mean 
hospital length of stay was 4.96 (1.35) days. 

In a study of 165 patients with COPD who had isolated aortic 
or mitral valve surgery, Santana et al. (6), compared the results 
of 100 patients who underwent MIVS via a right thoracotomy 
with 65 who had sternotomy. The baseline characteristics did 
not differ between the two groups. In patients undergoing 
MICVS, the COPD severity was mild, moderate, or severe in 
15%, 82%, and 3% of the patients, while in the sternotomy 
group, 19% were mild, 75% were moderate, and 6% were 
severe (p=0.49). There were no required conversions to 
sternotomy in patients undergoing MICVS, and the incidence 
of operative mortality was similar (MICVS 1%, sternotomy 
5%, p=0.14). The composite post-operative complications 
were reduced in the MICVS group (30% vs. 54%, p=0.002), 
which was driven by less prolonged mechanical ventilation 
(13% vs. 28%, p=0.02), as compared with sternotomy. Finally, 
a MICVS approach decreased the ICU and hospital length of 
stay by 24 hours and 3 days respectively (p<0.001, for both). 
Perioperative complications occur in approximately 14% of 
patients with pulmonary hypertension, and this risk increases 
commensurate with the severity of the disease (9). 

The outcomes of a right thoracotomy MICVS for aortic and/or 
mitral valve surgery were analyzed in 569 patients with PAH, 
with a mean pre-operative pulmonary artery pressure of 33 (8) 
mmHg (10). The PAH 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 sternotomy. Operative mortality 
occurred in 20 (3.5%) patients, 8 (1.4%) had a CVE, and the 
mean ICU and hospital length of stay were 50 (14) hours and 7 
(1) days, respectively. Despite a longer mechanical ventilation 
time and ICU length of stay, patients with severe PAH (mean 
pulmonary artery pressure ≥40 mmHg) had similar outcomes 
to those with mild or moderate disease, highlighting the 
safety and feasibility of MICVS in this population.

Infective endocarditis 

The incidence of infective endocarditis is cited at 1.4 to 6.2 
cases per 100,000 person-years, with the mitral valve affected 
in approximately two-thirds of patients with left-sided 
valvular endocarditis (11). 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, mitral 
valve repair is favoured over replacement given its association 
with superior short- and long-term outcomes (12).

In our study group, 12% had infective endocarditis of the 
mitral valve and  one patient had of aortic valve. Twelve 
patients underwent valve replacement surgery and 1 patient 
(age 22, male) underwent valve repair surgery through mini 
thoracotomy. There were no incidences of conversion to 
sternotomy, re-exploration, LCOS, wound infection, sepsis, 
CVE, acute kidney injury, or death.    

Mihos et al. (13), reported their outcomes of 50 patients 
with native mitral valve endocarditis undergoing surgical 
intervention. The results of 22 patients who had MICVS via a 
right thoracotomy were compared with 28 patients who had 
sternotomy. There were no baseline differences noted between 
groups, no patient undergoing MICVS required a conversion 
to sternotomy.  Disease burden, as measured by the presence 
of chordal rupture, annular abscess, cusp perforation, and 
vegetation size, was similar between the groups. A MICVS 
approach was associated with a decreased incidence of sepsis 
(0 vs. 21%, p=0.02), less use of intraoperative blood products 
(59% vs. 93%, p=0.004), higher rates of mitral valve repair 
(56% vs. 21%, p=0.02), and shorter ICU length of stay (56 vs. 
114 hours, p=0.009), as compared with sternotomy. 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 
MICVS vs. sternotomy approach. This study, though limited 
by its small size and retrospective nature, did demonstrate 
a significant reduction in post-operative complications with 
MICVS.

Study limitations

The available evidence concerning the outcomes of MICVS 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. In addition, 
the cohorts tended to be small in size and provided only 
short-term outcomes.

Conclusion

The study highlights the significance of careful patient 
selection and surgeon experience, as well as the difficulties and 
complexities of applying MICVS in this specific patient group. 
In comparison to conventional methods, MICVS appears to 
have more promising results for this specific patient group 
with multiple co-morbidities, such as fewer postoperative 
complications, shorter mechanical ventilation time, shorter 
hospital and ICU stay, and a tendency towards quicker 
recovery. This study's finding showed that skilled surgical 
teams could achieve appropriate exposure of the operative 
field with similar quality operation with better cosmetics, less 
trauma, and better outcomes. Therefore, MICVS should be 
promoted in suitable cases in well-experienced hands and will 
become widely adopted especially in patients with multiple 
co-morbidities as patients will ask for less invasive approaches.
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