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Abstract
This review outlines the development of less invasive treatments for coronary artery disease, focusing primarily on 
minimally invasive coronary artery bypass grafting (MICS CABG). We compare conventional coronary artery 
bypass grafting (CABG) and MICS CABG indications and contraindications, surgical techniques, early and long-
term outcomes, and the process of implementation of MICS CABG to cardiac surgery programs. The invasiveness 
of cardiopulmonary bypass and the sternotomy incision used in conventional CABG are appreciably mitigated by 
the MICS CABG procedure, which is generally performed off-pump and through a left mini-thoracotomy. In the 
literature, MICS CABG is a feasible alternative to sternotomy CABG with safe, reproducible, efficient, and durable 
outcomes.

Keywords: Coronary artery disease, coronary artery bypass grafting, minimally invasive, minimally invasive 
coronary artery bypass grafting, mini-thoracotomy, learning curve

INTRODUCTION
Cardiovascular diseases are the predominant cause of death worldwide, accounting for 32% of deaths 
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globally in 2019[1]. Coronary artery disease (CAD) is the most common cardiovascular disease and is 
associated with a significant economic and social burden. The direct and indirect cost of healthcare 
expenditures and loss of productivity, for example, are estimated to be a multi-billion-dollar loss[1].

Evidently, the treatment of CAD has had a robust history. First conceptualized in 1910 by Carrel[2] as an 
experimental procedure, coronary artery bypass grafting gained popularity as a surgical treatment for CAD 
in the 1960s after its initial iteration by Kolesov and Potashov[3]. Venous or arterial conduits are used to 
bypass atheromatous blockages in coronary arteries, restoring blood supply to the ischemic myocardium. 
The median sternotomy incision typically employed in the surgery provides a clear view of the operating 
field and easy manipulation of the heart[4]. Although still considered the “gold standard” incision[5] , the 
invasiveness of sternotomy is nearly unchanged from its inaugural procedure. Each year, nearly 300,000 and 
15,000 individuals undergo CABG in the United States and Canada, respectively, making it one of the most 
common surgeries performed[5-7]. Still, traditional CABG is associated with significant invasiveness, 
including that related to the use of cardiopulmonary bypass (CPB) and a sternotomy incision[8-10]. 
Procedures that reduce the morbidity of CABG through less invasive techniques have been developed and 
adopted[11]. This article summarizes the evolution of minimally invasive coronary artery bypass grafting, the 
early, long-term, and functional outcomes, and outlines strategies to implement MICS CABG in cardiac 
surgery programs.

INDICATIONS
The 2021 ACC/AHA/SCAI Guidelines outline the indications for patients to undergo coronary 
revascularization[4]. The patients’ preferences, goals, cultural beliefs, health literacy, and social determinants 
of health are to be considered and adequate information concerning benefits, risks, and potential 
consequences is to be disclosed before proceeding to ensure their best interest is at the center of the 
treatment decision.

For patients presenting with stable ischemic heart disease (SIHD) and significant left main stenosis, CABG 
is indicated. Historically, CABG was also indicated in patients with SIHD, triple vessel disease, and normal 
left ventricular ejection fraction (LVEF)[12]. However, the 2021 guidelines lowered the indication of CABG 
for these patients from a Class 1 to a Class 2b recommendation[4]. There has been controversy surrounding 
the downgrade of these indications, and this change has not been endorsed by several cardiologic and 
surgical societies[13,14]. Instead, the societies suggest that randomized control trials and meta-analyses have 
established strong evidence that surgical intervention does improve patient survival over medical 
intervention[15].

Healthcare professionals must assess the perioperative risks and comorbidities and consider if they 
outweigh the surgery’s benefit before proceeding. Patient refusal and anatomical incompatibility with 
grafting constitute the general contraindications for CABG. Unsuitable conduits and targets, non-viable 
myocardium after infarct, and the presence of anatomical barriers such as porcelain aorta or mediastinal 
radiation make surgical revascularization complex and more risky[4,5,16].

The indications for MICS CABG are similar to that of conventional sternotomy CABG. Additionally, MICS 
CABG is employed in cases of left main coronary artery disease with normal right coronary artery disease, 
previous unsuccessful PCIs, triple vessel disease with medium to large PDA or left ventricular branch of the 
RCA, and complex proximal left-sided lesions in the presence or absence of main branch involvement[17]. 
Patients with less diffuse coronary artery may elect to undergo MICS CABG due to its reduced invasiveness 
and improved functional outcomes[18]. Furthermore, for patients who are at high risk of complications 
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related to sternotomy, such as those with chronic tracheostoma or diabetes[5,19], MICS CABG could be an 
attractive alternative. Lastly, MICS CABG is also indicated for patients who prefer to undergo less invasive 
procedures and lead an active lifestyle[17,20].

Despite the advantages that come with the less invasive approach, certain patient presentations are 
contraindicated for the procedure, including emergency cases, hemodynamic instability, severe chest wall 
deformities (i.e., pectus excavatum), or severe pulmonary disease[5,17,20]. Relative contraindications include 
left subclavian stenosis, hemodialysis arteriovenous fistula on the left side, morbid obesity, and moderate 
valve disease or ventricular dysfunction[17].

LESS INVASIVE CARDIAC SURGERY APPROACHES
Comparison
With the rapid advancement of technology, several minimal techniques have been established and continue 
to evolve. Table 1 categorizes each surgical procedure based on the incision employed and the respective use 
of CBP.

The negative inflammatory risks associated with CPB[8-10] can be avoided by offering off-pump CABG 
(OPCAB), which has become increasingly popular. In OPCAB, the bypass is performed through a median 
sternotomy on a beating heart, without the use of a cardiopulmonary bypass machine. All regions of the 
heart can be accessed for revascularization, though specialized equipment must be employed to stabilize the 
coronary artery during grafting.

In the 1990s, an even less invasive single-vessel bypass surgery was performed without the use of bypass or 
sternotomy[21]. This technique, known as minimally invasive direct coronary artery bypass (MIDCAB), 
involves grafting the left internal thoracic artery (LIMA) to the left anterior descending coronary artery 
(LAD). Based on the anatomy of the incision, it is restricted to grafting only the LITA-LAD, which makes it 
technically difficult to target severe or diffuse CAD. At MIDCAB’s inception, muti-vessel bypass grafting 
was not considered feasible through a nonsternotomy incision.

However, in 2009, McGinn and Ruel demonstrated the systematic safety and feasibility of the evolution 
towards multivessel MIDCAB, now known as minimally invasive coronary artery bypass grafting[17]. MICS 
CABG allows the surgeon to perform complete revascularization through a sternum-sparing small left 
thoracotomy incision, often without the use of CPB[17]. The incision allows access to all coronary territories 
and a graft configuration comparable to that achieved with a sternotomy. The use of robotic technology has 
further advanced the evolution of MICS CABG and permitted more complex grafts to be performed either 
robotically assisted or totally robotically[22]. Often, MICS CABG is coupled with percutaneous coronary 
interventions in the context of Hybrid Coronary Revascularization (HCR)[23].

Surgical incisions
Median sternotomy is frequently used in cardiothoracic procedures requiring access to contents of the 
mediastinum and is the most used incision for CABG. The opening and closing of the incision can be 
associated with various post-op complications, but it can be performed safely with proper execution and 
consideration [Figure 1].

On the other hand, as the name suggests, MIDCAB and MICS CABG utilize a significantly less invasive 
incision, a small left thoracotomy, which is associated with a lower risk of post-op complications[17,20]. 
Perioperative pain control can be achieved through paravertebral thoracic local anesthetic injection at the 
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Table 1. Differentiation of minimally invasive coronary artery bypass grafting techniques

Incision
Median sternotomy Small left anterior thoracotomy

On-pump Conventional CABG (all territories 
accessible)

Pump assistance may be used in the learning phase and complicated cases of 
MIDCAB and MICS CABG

Use of 
CPB

Off-pump OPCAB (all territories accessible) MIDCAB (Single vessel; LITA-LAD) 
MICS CABG (Single or multivessel; not restricted)

Figure 1. CABG sternotomy incision during operation, demonstrating the invasiveness of the procedure (Internal photos of the incisions 
and procedures). The patient gave explicit consent to have their photo included in this review.

T2-T3 level[17]. Using a double-lumen endotracheal tube or a regular endotracheal tube and a left bronchial 
blocker, the patient is intubated, and the left lung is deflated. The patient is then placed in a 15-30° right 
lateral decubitus position and a roller is placed under the supine patient between the spine and left scapula 
with the left arm tucked at a 45-degree angle to facilitate rib separation. The patient is draped in a way that 
facilitates access to the groin for femoral venous and arterial cannulas should CBP be required. The legs are 
also available for saphenous vein harvest if indicated in the procedure. The main incision or the “window 
incision” aims to access the thoracic cavity through the fourth or fifth intercostal spaces at the midclavicular 
line and starts medially right beneath the left nipple in males and is then extended 5 to 8 cm laterally 
[Figure 2]. For female patients, an inframammary incision is used instead. In MICS CABG, in addition to 
the main incision, there are two additional access portals, namely at the subxiphoid region and the sixth or 
seventh intercostal space down the anterior axillary line. Through these portals, a Starfish Non-Sternotomy 
Heart Positioner (Medtronic, Minneapolis, MN, USA) and the Octopus Non-Sternotomy Tissue Stabilizer 
(Medtronic) are inserted through the subxiphoid and the sixth intercostal ports, respectively, enabling 
visualization of all coronary arteries as illustrated in Figure 3.
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Figure 2. Visualization of the heart through a left mini-thoracotomy (Internal photos of the incisions and procedures). The incision 
measures approximately 5 to 8 cm. The patient gave explicit consent for their photo to be included in this review.

Figure 3. MICS CABG illustration with the equipment required to carry out the procedure: Starfish NS Heart Positioner (a), Octopus 
Nuvo Tissue Stabilizer (b), and Thoratrak MICS Retractor System (c)[17].

OUTCOMES
The appeal of minimally invasive surgery to patients is multifaceted: mitigation of inflammatory responses 
due to CBP, lower risk of wound infection or pain, cosmesis and excellent short- and long-term 
outcomes[17,24].

The physiologic derangements brought on by CBP have been well-established in the literature[8-10]. 
Prolonged use of CPB in coronary surgery is associated with an increased risk of stroke and other 
postoperative complications affecting both long-term and short-term survival[25]. By mitigating the use of 
CBP, OPCAB and MICS CABG have been associated with a lower incidence of complications, especially in 
high-risk patients[17,19,24,26-29].
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Complications such as sternal dehiscence, mediastinitis, malunion, and chronic pain can arise as a result of 
sternotomy. The incidence of deep sternal wound infections has been reported between 1% and 8% and is 
associated with a mortality of approximately 10%-25%[30-35]. Deep sternal wound infections greatly increase 
the morbidity and mortality of patients and are a significant burden on the healthcare systems, with 
potential long-term implications[34,35].

With a smaller incision and preservation of the sternum, access to the heart by a mini-thoracotomy avoids 
the risks associated with sternal trauma. Thoracotomy incisions appreciably mitigate the risk of deep sternal 
wound infections and have been consistently associated with lower rates of wound infection[17,20,36].

Chronic pain following a sternotomy incision affects approximately 17%-56% of surgical patients, having 
serious implications for the patient’s recovery[8]. A prospective study found that, in comparison, patients 
undergoing MICS CABG experience lower pain levels, possibly because of preserved bony thorax integrity 
permitting earlier mobilization[37,38]. However, persistent pain following minimally invasive cardiac surgery 
continues to be a complication due to the nature of the incision causing damage to the ribs, pleura, 
intercostal nerves, costovertebral joints, and muscles. Pain management for thoracotomy usually requires a 
multimodal approach and can include nerve blocks, cryoanalgesia, liposomal bupivacaine, nonsteroidal 
anti-inflammatory drugs, and gabapentinoids[38,39].

Open heart surgery involving a sternotomy incision leaves patients with a significant scar down the midline 
[Figure 4]. The scar left by a small thoracotomy, in comparison, extends 6 to 10 centimeters and is highly 
discrete [Figure 5].

Early outcomes
The limited availability of comprehensive studies comparing the long-term outcomes of patients 
undergoing minimally invasive coronary artery bypass grafting (MICS CABG) vs. conventional CABG has 
increased the urgency to conduct rigorous research to supplement such gaps in the literature. This urgency 
is primarily driven by the growing popularity of the MICS CABG procedure[17]. The Minimally Invasive 
coronary surgery compared to STernotomy coronary artery bypass grafting (MIST) trial is the first 
multicenter prospective, randomized clinical trial comparing the postoperative quality of life for patients 
after conventional vs. minimally invasive CABG[40]. The results of this trial will be critical in ascertaining if 
MICS CABG has a clinical benefit over sternotomy. Table 2 provides a summary of the early clinical 
outcomes of contemporary, published papers evaluating MICS CABG surgeries.

In McGinn and Ruel’s inaugural paper, 450 patients with CAD underwent MICS CABG between 2005 and 
2008[17]. The operation was completed without conversion to sternotomy in 433 (96.2%) of the 450 patients 
and perioperative mortality occurred in 6 patients (1.3%). Follow-up after a mean of 19.2 ± 9.4 months was 
available from the series’ first 300 patients. In this mid-term period, 10 patients (3.0%) required PCI and 2 
(0.6%) mid-term saphenous vein graft failures occurred. Unlike MIDCAB, which is restricted to one LITA-
LAD graft, MICS CABG can access all regions of the heart and, as such, can treat diffuse CAD. This 
inaugural paper introduced MICS CABG as a safe and reproducible procedure associated with complete 
vascularization, low morbidity and mortality profile, and graft configuration comparable to conventional 
CABG. From its inception, the literature has subsequently shown a growing, significant interest in MICS 
CABG procedures.

In a case-matched study, Lapierre investigated the difference in patient outcomes by comparing those who 
underwent MICS CABG vs. OPCAB[20]. Patients were propensity matched using criteria including age, 
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Table 2. Perioperative results with MICS CABG

Author, year n
Average 
number 
of grafts

Complete 
revascularization

Average 
length of 
stay

Conversion 
to 
sternotomy

Use of 
CPB

Perioperative 
mortality

Perioperative 
blood 
transfusion

New onset 
atrial 
fibrillation

Pleural 
effusion

Deep 
wound 
infection

Additional PCI 
intervention at the 
time of 
hospitalization

McGinn et al., 2009[17] 450 2.1 ± 0.7 427 
(94.9%)

5.9 ± 3.4a 
(range 1-
86)

17 (3.8%) 34 
(7.6%)

6 (1.3%) 96 (21.3%) 24.4% 9.1% 0 17 (3.8%)

Lapierre et al., 2011[20] 150 1.8 ± 0.7 150 
(100%)

5b 
(range 2-
60)

10 (6.7%) 28 
(18.7)

0 13 (8.7%) 35 (23.3%) 22 
(14.7%)

0 5 (3.3%)

Ruel et al., 2012[45]
         800  2.2 ± 0.8 - 4b 25 (3.1%) 77     

(9.6%)
- - 18 (23.4%) - - - 

Ruel et al., 2013[36] 89 2.3 ± 0.9 89 
(100%)

4 
(range 3-
9)

0 21 
(23.6%)

0 24 (26%) 15 (17%) 14 (15%) 0 - 

Rabindranauth et al., 2014[24] 129 2.1 ± 0.9 123 
(95.3%)

4.0 ± 1.3a 1 (0.8%) 10 
(7.7%)

0 17 (13%) 26 (20.1%) 2 (1.5%) 0 3 (2.3%)

Liang et al., 2022[41] 172 3.0 ± 0.8 172 
(100%)

6.2 ± 1.4a 1 (0.6%) 3 (1.7%) 0 2 (1.2%) 35 (20.4%) - - -

Guo et al., 2023[18] 566 - - 5.8 ± 4.2a 25 (4.4%) 81
(14.3%)

1 (0.2%, massive 
pulmonary 
embolism at 
discharge)

20 (3.5%) 111 (19.6%) 8 
(1.1%)

0 35 (6.2%)

gender, left ventricular function, and median number of distal anastomoses. The use of CPB assistance was more likely in MICS CABG than OPCAB and was 
used in instances of hemodynamic instability or poor exposure over conversion to sternotomy and had no clinical implications. Complete revascularization 
was achieved in all patients; however, five patients from each group required hybrid revascularization during their hospital stay. The MICS CABG patients had 
a significantly lower transfusion rate and a significantly higher rate of pleural effusion in comparison to OPCAB groups. There was no statistical difference in 
the other reported complications. On average, the OPCAB patients remained in the hospital for 1 day longer than MICS CABG patients and had higher wound 
infection rates. Additionally, MICS CABG patients experienced no deep wound infection compared to the 6 (4.0%) OPCAB patients who did. Similar wound 
infection rates have been consistently observed in the literature[17,41] .

Liang et al. compared the early outcomes between multivessel coronary bypass grafting by a sternotomy or a mini-thoracotomy in a retrospective single-center 
study[41]. From January 2017 to January 2020, 211 patients underwent MICS CABG and 371 underwent conventional OPCAB. Patients in the MICS CABG 
group were propensity matched with a 1:1 ratio (MICS CABG = 172, OPCAB = 172) with those in the OPCAB group based on epidemiological data, 
preoperative clinical characteristics, and SYNTAX score. Although MICS CABG surgery was associated with longer operative times, those patients who 

aindicates mean; bindicates median.
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Figure 4. Postoperative scars left by sternotomy (Internal photos of the incisions and procedures). Patient gave explicit consent to have 
their photo included in this review.

Figure 5. Postoperative scars left by left mini-thoracotomy (Internal photos of the incisions and procedures). Patient gave explicit 
consent to have their photo included in this review.

underwent MICS CABG had a shorter postoperative hospitalization and earlier return to physical 
functioning. The 30-day mortality rate and six-month graft patency were comparable between the MICS 
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CABG and the OPCAB groups. A comparison of these cohorts found that the CABG cohorts had higher, 
but statistically insignificant, rates of major adverse cardiac or cerebrovascular events[42].

A prospective, observational, comparative review by Baishya found that patients undergoing MICS CABG 
generally have longer surgery durations, but a shorter period of ventilation use and less intraoperative blood 
loss[43]. Notably, MICS CABG patients receive few blood transfusions and have short ICU and hospital stays 
on average[24], as outlined in Table 2.

Long-term outcomes
From its introduction in the 1960s, the durability of surgical revascularization has been well established in 
the literature, although continued research on alternative, less invasive techniques must still be pursued[4]. 
Tables 3 and 4 summarize the results of studies following the midterm and long-term outcomes of MICS 
CABG.

In 2018, a prospective study was conducted by McGinn and Ruel, studying the long-term outcomes in 800 
patients who have undergone MICS CABG performed by two cardiac surgeons[44,45]. The LITA was 
harvested in all the patients and a 4-6 cm thoracotomy in the left 5th intercostal space was used. The mean 
follow-up for the patients was 2.2 years and a maximum of 6.4 years. This study showed that MICS CABG is 
associated with a short hospital stay, no postoperative wound complications, and 6-year mortality rates 
comparable to that of conventional CABG.

A recent prospective study conducted by Guo et al. investigated the 12-year survival, major adverse cardiac 
and cerebrovascular events, revascularization, and function outcomes in an all-inclusive cohort from a 
single center[18]. A total of 566 patients who underwent MICS CABG were followed for survival. They were 
then contacted for a questionnaire to assess their long-term functional outcomes. Clinical follow-up was 
complete for 100% of the patients, and 83.9% (n = 427) of the alive patients were able to complete the 
questionnaire. The study showed that at 12 years, the survival for the cohort was 82.2% ± 2.6% and freedom 
from major adverse cardiac or cerebrovascular events (MACCE) was 75.5% ± 3.0% [Figure 6 and 7].

Functional outcomes
Guo et al. also reported functional outcomes to supplement and strengthen the investigated clinical 
outcomes[18]. Of the patients who completed the questionnaire, 12 (2.8%) had > CCS Class II angina and 19 
(4.5%) reported having > NYHA Class II symptoms. Over 98% of patients indicated no pain at the incision 
site. Cox proportional hazards analysis showed older age, peripheral vascular disease, prior MI, LV 
dysfunction, cancer in the past 5 years, intraoperative transfusion, and hybrid revascularization to be 
correlated with mortality during the follow-up period. This study further enforces MICS CABG as a reliable 
and durable substitute to the conventional, more invasive sternotomy CABG for patients that match the 
selection criteria.

Many advocates of minimally invasive surgeries indicate reduced hospital time and improved functional 
outcomes earlier compared to traditional sternotomies. A recent multicenter randomized control trial by 
Akowuah et al. compared the twelve-week functional outcome of patients who underwent a traditional 
median sternotomy vs. mini-thoracotomy for a mitral valve repair surgery (MVr)[46]. The study was unique 
as it was an expertise-driven trial, requiring participating surgeons to have performed at least 50 of the 
required procedures. Of the 1,167 screened patients, 330 were enrolled and randomized to the mini-
thoracotomy or sternotomy group. Investigators used the change in baseline 36-Item Short Form Health 
Survey (SF-36) version 2 function T score to assess the functional outcomes of the two surgeries. The MICS 
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Table 3. Mid-term and long-term clinical results with MICS CABG

 
Author, year n Chest pain at 

6 months

Graft 
patency at 
6 months

6-month 
MACCE

2-year freedom 
from MACCE

2-year 
survival

10-year 
survival

10-year freedom 
from MACCE

Ruel et al., 
2013[36]

89 5 (6%) 151/165 
grafts 
(92%)

0 - - - -

Liang et al., 
2022[41,42]

172 - 401/436 
grafts 
92%

3 (1.7%) 166 (96.5%) 167 (97.0%) - -

Guo et al., 
2021[65]

510 - - - - - 90.3 ± 2.1% 87.2 ± 2.1%

MI: Myocardial infarction; CVA: cerebrovascular accident; MACCE: major adverse cardiac or cerebrovascular events.

Table 4. Long-term functional results with MICS CABG

At 12 years (n = 566) At the time of cross-sectional functional follow-up (n = 427)

Author, 
year Survival

Freedom 
from 
MACCE

Cumulative 
incidence of repeat 
revascularization

Any 
angina

Any 
dyspnea

Chronic 
incisional 
pain

Any incisional 
numbness/hypersensitivity

Incisional 
issues 
limiting 
daily 
activities

Guo et 
al., 
2023[18]

82.2 ± 
2.6%

75.5 ± 
2.0%

14.8 ± 2.5% 53 
(12.4%)

115 
(26.9%)

7 (1.6%) 27 (6.3%) 2 (0.5%)

MACCE: Major adverse cardiac or cerebrovascular events.

Figure 6. Repeat revascularization and repeat revascularization for graft failure cumulative incidence for patients who underwent 
minimally invasive coronary artery bypass grafting, accounting for death as a competing risk. Confidence Interval: 95%; Revasc: repeat 
revascularization; Graft-Revasc: revascularization for graft failure[18].

MVr group did have improved functional outcomes at 6 weeks. The primary outcome revealed there was no 
significant difference in the outcome 12 weeks postoperatively. They reported similar outcomes and 
durability between the MVr performed by sternotomy or thoracotomy at 1 year postoperatively. These 
results demonstrate the effectiveness and safety of minimally invasive MVr surgery with improved physical 
functioning at 6 weeks postoperatively, but not at 12 weeks. Early improvement in functioning potentially 
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Figure 7. Freedom from all-cause mortality or MACCE for patients who underwent MICS CABG in a 12-year period. Confidence Interval: 
95%; MACCE: major adverse cardiac and cerebrovascular events; MICS CABG: minimally invasive coronary artery bypass grafting[18].

reduces the physical and emotional burden that is associated with major surgeries. However, a 
multicentered randomized control trial comparing CABG outcomes is still required before suggesting these 
MVr outcomes are transferable.

ADOPTING MICS CABG
Since its introduction in 2009, MICS CABG has gained popularity and the feasibility of its implementation 
has been analyzed[17]. The technical adoption of MICS CABG involves a sequential progression[47-49]. First, 
the surgeon must be fully comfortable and competent in performing OPCAB. Next, the surgeon will receive 
training to perform MIDCAB, a sternum-sparing incision alternative to graft the LITA to the LAD. 
Combining these two skill modalities, the surgeon then will gain confidence performing increasingly 
technically difficult anastomoses, including the left-sided vessels, LAD, Ramus, first obtuse marginal artery 
(OM1), then the second obtuse marginal artery (OM2). Access to the remaining territories of the heart, and 
a similar anatomical configuration to that of a sternotomy, are achieved when the surgeon can graft the 
posterior descending artery (PDA) and the left ventricular branch of the right coronary artery (RCA).

Though the risks of on-pump surgery have been established, there has been debate on OPCAB’s feasibility 
and efficacy as an alternative[50]. With a beating heart, the bypass surgery is more technically demanding and 
some concerns about graft patency have been reported, especially concerning incomplete revascularization 
rates[51,52]. These concerns have been refuted by recent evidence showing the comparable long-term patency 
of grafts performed off-pump and on-pump[53]. This long-standing controversy may, in part, be due to the 
influence of institutions and individual surgeons have on outcome[50]. In patients requiring more than one 
graft, off-pump CABG increased the risk-adjusted mortality when performed in low-volume centers by low-
volume individuals, in comparison to on-pump[54]. However, in high volume-centers, OPCAB has been 
shown to reduce perioperative mortality and morbidity[54], and has especially superior short-term outcomes 
compared to on-pump CABG[28,52-55].

In 2013, Une et al. studied the learning curve by comparing clinical events from the first 25 patients in 200 
consecutive patients who underwent MICS CABG procedures by the same surgeon[56]. In this study, 
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experience was correlated with operative time for off-pump procedures, but not pump-assisted procedures. 
The use of pump assistance may be employed to alleviate some of the learning curve’s adverse effects before 
reaching learning period optimization, calculated to be 45 cases[56]. The learning curve, as shown by 
Rodriguez et al. (2016), is the most common factor causing a conversion from a minimally invasive to a 
conventional CABG approach[57]. Increased exposure to the procedure reduced difficulties with conduit 
harvest and anastomoses and concomitantly increased freedom from conversion to sternotomy[57]. Mid-
term follow-up of MICS CABG patients found the overall procedural safety was not affected by the learning 
period; instead, with increased exposure to the procedure, they observed improved freedom from 
conversion to sternotomy and from repeat revascularization[58]. This phenomenon was further enforced in 
2018 by Andrawes et al.[59].

With the implementation of a new procedure, the cost of health care is an important factor to consider. 
Patients who experience complications associated with CABG surgery may require a longer hospitalization 
period and consume more healthcare resources[60,61]. A multi-institutional analysis found that MICS CABG 
approaches were associated with fewer transfusions, shorter intensive care unit stays, and shorter hospital 
lengths of stay than conventional CABG patients. MICS CABG patients used fewer healthcare resources 
and, on average, saved $7,000 USD compared to conventional CABG patients. Both the conventional CABG 
and MICS CABG patients were linked with excellent short-term outcomes[62]. However, others have called 
into question whether this research was successful in comparing the groups as the baseline characteristics 
between the groups were not well matched: the MICS CABG patients were lower risk and had, on average, 
fewer grafts which created inherent bias[63]. That said, short-term outcomes from other trials are consistent 
with MICS CABG patients spending less time in the ICU and hospital[17,20]. Further research is required to 
explore the correlation between MICS CABG and associated costs to definitively suggest that MICS CABG 
has an economic advantage and improved resource utilization over conventional CABG.

In our experience, the implementation of MICS CABG at our institution involved not just adopting a novel 
approach to surgical revascularization, but also innovating matched perioperative management. This 
evolution towards the delivery of minimally invasive CABG is predicated on recognizing the importance of 
multi-disciplinary collaboration to achieve patient care, with individualization of care prioritized over 
protocols. The key features of perioperative optimization are outlined by Ponnambalam and Alex[64]. Patient 
education, discharge planning, and medical optimization are offered strategically prior to admission. 
Multimodal analgesia specific to thoracotomy - including the use of intercostal and fascial plane block, 
acetaminophen, gabapentinoid, opioids, and nonsteroid anti-inflammatory drugs - are administered 
perioperatively[38]. Early feeding and a program for early mobilization are also recommended to enhance the 
patient’s functional recovery after surgery to facilitate rapid discharge. The implementation of a MICS 
CABG program goes beyond satisfactory clinical outcomes, as it has the potential to improve the patient 
experience by resulting in earlier normalization and return to work. In unpublished internal quality 
assurance data from our center, an appreciable decrease in the length of hospital stay has been observed in 
patients undergoing MICS CABG since the adoption of the aforementioned strategies in 2020. Additionally, 
reduced ICU and hospital length of stays has a positive implication for organizational flow and capacity.

Future directions should continue to include research that encompasses patient-specific and functional 
outcomes; patient satisfaction and quality-of-life data should be reported in conjunction with clinical 
outcomes. The literature indicates that MICS CABG, and associated less invasive procedures, have 
significant potential to improve care for patients on a global scale.
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CONCLUSION
In the literature, MICS CABG has been consistently shown to be a durable, safe, and feasible alternative to 
sternotomy CABG. With favorable early outcomes, comparable long-term outcomes and graft patency, and 
the feasibility of its implementation, MICS CABG is an exciting development in the field of cardiac surgery. 
It is a safe, learnable, effective, full-revascularization non-sternotomy CABG operation that requires 
proficiency with OPCAB and MIDCAB prior to being undertaken. Multicenter, prospective randomized 
control trials are underway and will help establish MICS CABG as a standard treatment for patients afflicted 
with CAD.
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