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Abstract 

Background Minimally invasive direct coronary artery bypass (MIDCAB) grafting is a safe technique for revascu-
larization of the left anterior descending artery. The objective of this study was to evaluate the long-term outcomes 
of patients who underwent MIDCAB surgery in our institution. This was a retrospective, observational outcome study 
of retrospectively collected data. Data was collected using community, electronic, and paper medical records as well 
as telephone follow-up conversations with patients who underwent MIDCAB between December 1996 and June 
2021. The primary outcome measure was mortality. Secondary outcomes included revascularization, myocardial 
infarction, and wound infection. Survival analysis was performed using the Kaplan–Meier method.

Results A total of 215 patients were identified in the study period undergoing MIDCAB at our center. The median 
age was 77 years, and the cohort consisted of 180 (83.3%) of male patients. The median follow-up period was 16 years 
(12.1–17.7). At follow-up, freedom from repeat left anterior descending revascularization and from other vessels, 
revascularization was 96.7% and 89.1% respectively. Survival rates were 99.5%, 81.0%, and 45.2% survival at 1 year, 
10 years, and 25 years respectively. Univariate analysis showed age (p < 0.01, Hazard ratio 1.08 confidence interval 
1.05–1.11) and left ventricular function (p < 0.01, hazard ratio 2.40, confidence interval 1.66–3.45) as factors associated 
with mortality.

Conclusions Our single-center experience of MIDCAB demonstrated excellent long-term freedom from revasculari-
zation and other complications. Although limited by the retrospective nature, the study shows MIDCAB to be a safe 
procedure for definitive revascularization of the left anterior descending coronary artery.
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Background
In the 1990s, with the observed success of minimally 
invasive surgery in several surgical specialties including 
general surgery, urology, and thoracic surgery, minimally 

invasive surgery (MIS) was gradually introduced into 
cardiac surgery with the goal of not only limiting inci-
sion but also limiting the use of cardiopulmonary bypass 
[1]. The first minimally invasive coronary artery bypass 
(MIDCAB) was performed in 1994 with a left inter-
nal mammary artery (LIMA) graft to the left anterior 
descending artery via a left-sided mini-thoracotomy [1, 
2]. MIDCAB has been found to be an alternative to open 
coronary artery bypass graft (CABG) in a select group of 
patients [3–5]. The use of smaller incisions to perform 
CABG is surgically challenging, as there are difficulties 
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in accessing an anastomosis site [6, 7]. For this reason, 
MIDCAB surgery is mostly indicated in patients with 
isolated single-vessel left anterior descending (LAD) dis-
ease [8–10]. In multivessel disease, it is only an option 
in patients undergoing hybrid revascularization [11]. 
Despite the relatively smaller select cohort of patients for 
which MIDCAB is indicated compared to conventional 
CABG surgery, MIDCAB has been established as an 
effective option for revascularization.

There are several methods by which optimal access can 
be achieved in MIDCAB surgery, either through small 
thoracotomy incision, mini sternotomies, thoracoscopi-
cally, endoscopically, or robot-assisted [3, 4, 12]. The 
thoracotomy approach involves making an incision in 
the left anterior fourth intercostal space and extending as 
appropriate to gain access to the left internal mammary 
artery (LIMA) graft and the pericardium [13]. Mini ster-
notomies on the other hand involve the use of a single 
midline skin incision, of about 5 cm to allow sternotomy 
from the fourth intercostal space downwards [13].

By use of these methods, MIDCAB surgery has been 
associated with reduced perioperative hemorrhage, lower 
incidence of surgical site infection, shorter hospital stays, 
and faster patient recovery [11, 14]. Birla et al. reported a 
significantly reduced length of hospital stay in MIDCAB 
(6.1 days) compared to open surgery (8.5 days) [14]. They 
also reported a reduced need for blood transfusion in the 
MIDCAB group (1.8 units) compared to the open surgery 
group (3.2 units) [14]. Several studies have demonstrated 
these short-term outcomes following MIDCAB; how-
ever, long-term outcomes of MIDCAB such as long-term 
freedom from repeat revascularization have not been 
extensively studied. With MIDCAB surgery having just 
emerged in the last three decades, it is important that 
its long-term outcomes are studied to ensure that long-
term freedom from revascularization is comparable with 
that of open CABG. The aim of this study was to evaluate 
the immediate and long-term outcomes of patients who 
underwent MIDCAB surgery in our center.

Methods
Study design, population, and ethical approval
This was a retrospective observational study that 
reviewed data from patients who underwent MIDCAB 
surgery at our center, Royal Papworth Hospital, between 
December 1996 and June 2021. The study included all 
patients who underwent MIDCAB via a limited left ante-
rior thoracotomy or mini sternotomy (lower midline 
sternotomy) in the time period. A total sample size of 
215 patients met the eligibility criteria and were included 
in the study. Ethical approval of the Institutional Review 
Board (IRB) or equivalent ethics committee of the Royal 
Papworth Hospital, Cambridge, was waived as this is a 

retrospective study. Patient written consent for the pub-
lication of the study data was not required as the study 
was retrospective in nature and no identifiable informa-
tion was disclosed.

Data collection
Patients’ data was collected through electronic and paper 
patient records. All available pre-operative patient data 
was reviewed to identify patients’ baseline character-
istics. Outcome data were collected using electronic 
records as well as telephone follow-up conversations with 
patients and community records. Survival analysis was 
performed using the Kaplan–Meier method.

Outcomes
The primary endpoint of interest was overall mortality, with 
secondary outcomes including freedom from repeat revas-
cularization, subsequent stroke, myocardial infarction (MI), 
and wound infection. Death was identified by the National 
Death Registry. The need for repeat revascularization was 
defined as any repeat coronary procedure either via percu-
taneous coronary intervention (PCI) or open CABG.

Statistical analysis
The baseline demographic and preoperative char-
acteristics of the patients were summarised based 
on the total cohort and on the outcomes of interest 
using the appropriate summary statistics. Continuous 
variables with normal distribution were summarised 
with mean and standard deviation (SD) while those 
with skewed distribution were summarised with 
median and interquartile range (IQR). Categorical 
variables were summarised using counts and propor-
tions. To test the difference in the baseline demo-
graphics between groups, the chi-squared test was 
used for categorical variables (with the Fisher exact 
test used if cell counts were less than 20) while the 
Welch’s unpaired t-test or Mann–Whitney U test was 
used for continuous variables, as appropriate. The 
Kaplan–Meier (KM) survival curves were constructed 
to visualize and evaluate the freedom from survival. 
The Cox-proportional hazard regression models were 
fitted to explore the association between the predic-
tor variables and the overall survival outcomes. The 
level of significance for the analytical models was set 
at two-tailed p value < 0.05. All statistical analysis was 
done using R software (version 4.1.2GUI 1.77 High 
Sierra build (8007)).

Results
Baseline characteristics
A total of 215 patients were enrolled in the study who had 
MIDCAB (see Table 1). The majority, 180 (83.7%), were 
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males. The median age of participants was 78.0  years 
(IQR 70–85  years) with the youngest patient being 
36 years. There was no statistically significant difference 
in the age of participants among the sexes with males 
having a median age of 78.0 and females 78.5 (p = 0.67). 
The median follow-up period was 16 (11.85–17.70) 
years. The minimum and maximum follow-up time were 
0.7  years and 25.2  years respectively. About three-quar-
ters of the patients had good left ventricular function 
with only 8 (3.7%) of the cohort with poor left ventricu-
lar function. Also, 124 (57.6%) of the patients had New 
York Heart Association (NYHA) classification I with only 
34 (15.8%) with NYHA III and above. The mean logis-
tic EuroSCORE and EuroSCORE II were 3.88 ± 4.57 and 
1.01 ± 0.43 respectively. There was, however, a significant 
amount of missing EuroSCORE data. This is because 
patients operated in the 1990s did not have a EuroSCORE 
recorded, as the logistic EuroSCORE was only developed 
in 1999 [15]. Due to the evolution of the score from the 
logistic EuroSCORE to EuroSCORE II, most subsequent 
patients had just one of the two scores recorded.

Survival rate and predictors of survival
Overall survival rate was 99.5% (95% confidence interval 
(CI) I 98.6–1.000) at 1 year, 81.1% (95% CI 75.7–86.8) at 
10 years, 62.2% (9%% CI 55.1–70.3) at 20 years and 47.4% 
(95% CI 31.8–70.7) at 25 years (shown in Fig. 1). At the 
end of the follow-up period, mortality was recorded in 
68 patients (31.6%). There was no difference in survival 

Table 1 Characteristics of the total cohort of patients

SD = standard deviation, LV = left ventricular, CCS = Canadian Cardiovascular 
Society, NYHA = New York Heart Association, IQR = interquartile range, mean 
or median or n (%), normally distributed numerical variables reported as mean, 
numerical variables that have a skewed distribution are reported as median, and 
categorical variables are reported in counts and percentages

Characteristics Mean ± SD or 
median (IQR) or 
n (%)

Median follow-up (years) 16.0 (12.1–17.7)

Sex

 Male 180 (83.7)

 Female 35 (16.3)

Mean age (years) 77.52 ± 12.03

LV function

 Good 160 (74.4)

 Moderate 47 (21.9)

 Poor 8 (3.7)

NYHA class

 I 124 (57.6)

 II 57 (26.5)

 III 34 (15.8)

CCS class

 0 14 (6.5%)

 I 24 (11.2%)

 II 44 (20.5%)

 III 98 (45.6%)

 IV 18 (8.4%)

Mean EuroSCORE II 1.01 ± 0.43

Mean Logistic EuroSCORE 3.88 ± 4.57

Fig. 1 Kaplan–Meier curve showing overall survival
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between males and females (HR 0.86. CI = 0.43–1.68, 
p = 0.66). Factors that were found to be predictive of sur-
vival were age, left ventricular function (p < 0.001) shown 
in Fig.  2, and Canadian Cardiovascular Society (CCS) 
class (p = 0.01).

As expected, univariate analysis showed increasing age 
(hazard ratio (HR) 1.08, 95% CI 1.05–1.11, p =  < 0.001) 
to be predictive of overall mortality. For every 1-year 
increase in age, there was an 8% increased risk of death. 
Moderate left ventricular (LV) dysfunction (HR 2.52, 
95% CI 1.49–4.26, P < 0.001) and severe LV function (HR 
5.39, 95% CI 2.26–12.86, p < 0.001) were also shown to be 
predictive of mortality. Patients with moderate LV func-
tion had a 2.5 times increased hazard of death compared 
to patients with good LV function, while patients with 
severe LV function had a 5 times increased risk of death. 
Table  2 shows the relationship between the variables of 
interest and mortality.

Other outcomes of interest
A total of 11 patients had repeat revascularization, 3 
patients (1.4%) had repeat LAD revascularization, 2 
(0.9%) patients had repeat LAD and other vessel revas-
cularization, and 6 patients (2.8%) had only repeat other-
vessel revascularization. Repeat revascularization was 
via CABG in four patients and via PCI in six patients. 
One patient had a CABG following the initial MIDCAB 
for LAD disease and then a PCI to the RCA a few years 
later. At the end of the follow-up period, freedom from 
repeat revascularization was 93.3 (95% CI 96.6–100.0%) 

Fig. 2 Kaplan–Meier curve showing the probability of survival by left ventricular function

Table 2 Effect of variables of interest on mortality

LV = left ventricular, CCS = Canadian Cardiovascular Society, NYHA = New York 
Heart Association, HR = hazard ratio, CI = confidence interval

Characteristics HR (95% CI) P value

Sex

 Female ref ref

 Male 0.86 (0.44–1.69) 0.661

Age (years) 1.08 (1.05–1.11)  < 0.001

LV function  < 0.001

 Good ref ref

 Moderate 2.52 (1.49–4.26)  < 0.001

 Poor 5.39 (2.26–12.86)  < 0.001

NYHA class

 I ref ref

 II 1.73 (0.99–3.01) 0.053

 III 1.40 (0.73–2.67) 0.312

CCS class

 0 ref ref

 I 0.15 (0.04–0.62) 0.009

 II 0.22 (0.07–0.71) 0.011

 III 0.55 (0.22–1.41) 0.214

 IV 0.36 (0.11–1.19) 0.094

EuroSCORE II 0.34 (0.001–99.79) 0.709

Logistic EuroSCORE 1.01 (0.84–1.21) 0.904

MI 0.67 (0.21–2.24) 0.498

Repeat LAD revascularization 2.37 (0.57–9.80) 0.234

Repeat other-vessel revascularization 0.79 (0.19–3.22) 0.739

Wound infection 0 (0–Inf ) 0.996
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and 87.6% (95% CI 79.6–96.4%) at 25 years (illustrated in 
Fig. 3). Rate of freedom from repeat LAD revasculariza-
tion was 96.7% (95% CI 93.9–99.6%), while rate of free-
dom from other-vessel revascularization was 89.4% (95% 
CI 81.4–98.0%).

There was no statistically significant difference in 
overall survival between patients who had repeat LAD 
revascularization and those who did not (HR 2.37, CI 
0.57–9.80, p = 0.234). There was no difference in the rate 
of repeat LAD revascularization in patients with severe 
left ventricular function compared to those with good or 
moderate LVF (HR 1.43, CI 0.24–5.24, p = 0.63). Surgi-
cal site infection occurred in 11 (5.1%), with a majority 
being superficial wound infection (n = 9, 4.18%) and only 
2 (0.93%) patients with deep wound infection needing 
debridement. At the end of the follow-up period, only 6 
(2.8%) patients suffered from an MI. Table  3 shows the 
proportion of occurrence of other outcomes of interest.

Discussion
The results from our single-center study demonstrated 
good long-term outcomes following MIDCAB with 
mini lower sternotomy. Our survival rates were similar 
to those of the study done by Davierwala et  al. in Ger-
many [16]. Their study demonstrated a 66.1% and 55.6% 
survival at 15 years and 20 years respectively, close to the 
67.5% and 62.2% shown in our study. In their study, their 
patients underwent MIDCAB via a left anterior small 
thoracotomy which differed from our cohort of patients 

who underwent MIDCAB via both lower mini sternot-
omy and left anterior small thoracotomy. Regardless of 
this slight difference in the population characteristics, 
the 15-year and 20-year survival was comparable in both 
cohorts of patients. Their study represents one of the 
largest population cohorts that reported on long-term 
outcomes following MIDCAB with over 2500 patients. 
Regardless of our smaller sample size, our study was still 
able to demonstrate the effectiveness of MIDCAB.

In another study, Raja et  al. [17] compared MIDCAB 
and sternotomy for isolated LAD disease and reported 
an overall mortality of 22.4% in the MIDCAB group. This 
mortality was lower than that shown in our study, with 
a mortality of about 31.2%. In their study, however, their 
surgical approach involved the use of only left anterior 

Fig. 3 Kaplan–Meier curve showing the probability of freedom from all coronary revascularizations

Table 3 Post-operative outcomes of interest

LAD = left anterior descending, n (%) = counts and percentages

Outcomes of interest n (%)

Myocardial infarction 6 (2.8)

Repeat revascularization 11 (5.12)

Repeat LAD revascularization 3 (1.4)

Other vessels (except LAD) revascularization 6 (2.8)

Repeat LAD and other vessel 2 (0.9)

Surgical site infection 11 (5.12)

Superficial 9 (4.18)

Deep 2 (0.93)
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thoracotomy incision which differed from ours, which 
included the use of both mini-sternotomy and left ante-
rior thoracotomy. Also, their participants were much 
younger with a mean age of 63  years compared to the 
average age of 77 years in our own study. In addition to 
this, their 20-year follow-up period was much shorter 
than the longest 25-year follow-up period in our study, 
which could account for the higher mortality rate in our 
study. Though their study did not provide specific data 
on survival rates, they reported that there was no statisti-
cally significant difference in survival rates between the 
full sternotomy and MIDCAB groups.

Several studies have reported on short-term outcomes 
following MIDCAB. In the study by Martinovic [18], 
they reported the 1-year outcomes following MIDCAB 
via mini sternotomy. Like our study, they reported no in-
hospital mortality, though they had a small sample size of 
12 patients. Similarly, another study by Del Giglio et  al. 
in Italy [19] reported on the short-term outcomes follow-
ing MIDCAB. In their study, however, access was via an 
inferior J-shaped mini sternotomy. Though in our study, 
the mediastinotomy incision was longitudinal, our results 
are comparable.

In an earlier study done on our center by Farid et  al. 
[13] reporting the 10-year outcomes following MID-
CAB, they reported outcomes for all MIDCAB patients 
(both via the midline mini sternotomy approach and the 
left anterior thoracotomy). A survival rate of 84.8% and 
freedom from revascularization of 89.9% at 10 years were 
reported.

Comparing our results to other studies, we have 
shown that survival rates in patients undergoing MID-
CAB are similar regardless of incision access type (thor-
acotomy, longitudinal mediastinotomy, or J-shaped 
mediastinotomy).

Following a quick database search, very limited data 
was seen to have reported on much longer time outcomes 
in patients who had MIDCAB via mini sternotomy. Our 
study has reported on this long-term outcome and has 
demonstrated that in patients who undergo MIDCAB, 
survival rate and freedom from revascularization are like 
those who had left anterior thoracotomy with excellent 
long term. These patients have good long-term survival 
and freedom from revascularization.

Limitations
One major limitation of our study was the relatively 
smaller sample size, as opposed to a larger sample size 
which increased the power of the study. Another limi-
tation of the study was in the study design. Although 
the data for this study was prospectively collected, it 
was retrospectively analyzed. Thus, some variables 

of interest had missing data for some proportion of 
patients. There was also significant missing data on 
some comorbidities (such as hypertension, diabetes 
mellitus, and smoking) which could have served as 
confounders to the analysis. In addition, phone call 
conversations were used to collect data on long-term 
outcomes for some patients which were lost to follow-
up. The data gathered using this method was subjec-
tive without methods of objective verification, and this 
could also serve as a limitation. The incidence rates of 
the outcomes of interest, especially revascularization 
may not have been complete.

Conclusions
Our single-center experience on mini-sternotomy 
MIDCAB demonstrated excellent long-term survival 
and freedom from revascularization over a median 
period of 16 years. Although limited by the retrospec-
tive nature, the study showed a trend toward MIDCAB 
as a safe procedure for definitive revasculariz.

ation. Further comparison with open CABG and 
other minimally invasive techniques, as well as hybrid 
revascularization and pump CABG, is required in 
future research to determine its relative safety and effi-
cacy in larger populations.
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