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Background: Minimally invasive concepts are increasingly influential in modern cardiac surgery. This 
study aimed to evaluate the effect of completeness of revascularization on clinical outcomes and overall 
survival in minimally invasive, thoracoscopic coronary artery bypass grafting (CABG) surgery.
Methods: We retrospectively evaluated a consecutive series of 1,149 patients who underwent minimally 
invasive off-pump CABG with single, double, or triple-vessel revascularization between 2007 and 2018. Of 
these patients, 185 (16.1%) had incomplete revascularization (IR) (group I), and 964 (83.9%) had complete 
revascularization (CR) (group C). We used gradient boosted propensity score estimation to account for 
possible confounding variables.
Results: Median age was 69 years, interquartile range (IQR) 60–76 years, and median EuroSCORE II was 4, 
IQR 2–7. Of the 1,149 patients, 495 patients suffered from two vessel disease (VD) and 353 presented with 
three VD. Long-term median follow-up 5.58 (3.27–8.48) years was available for 1,089 patients (94.8%). The 
incidence of recurrent or persisting angina, myocardial infarction, redo-bypass surgery, and stroke during 
follow-up did not differ significantly between groups. During follow-up, there were 47 deaths in group I 
and 172 deaths in group C. The 1-, 3-, 5-, 8-, and 10-year unadjusted survival rates were 94%, 84%, 75%, 
62%, and 51% for group I, and 97%, 94%, 88%, 77%, and 72% for group C, respectively (long-rank test 
P<0.001), favouring CR. Following risk adjustment the long-rank test P value for survival was 0.23.
Conclusions: In minimally invasive coronary surgery, IR resulted in decreased long-term survival, but 
did not achieve statistical significance after risk adjustment. However, IR should only be used in carefully 
selected cases.
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Introduction

Patients with severe coronary artery disease (CAD) who 
undergo coronary artery bypass grafting (CABG) experience 
long-term benefits. Since its inception, the invasiveness of 
CABG has remained virtually stable, primarily due to the 
use of complete median sternotomy and cardiopulmonary 
bypass (CPB). However, patients are increasingly presenting 
with more severe CAD, as well as comorbidities and frailty, 
which has led to a growing need for less invasive surgery 
and other minimally invasive revascularization methods (1).

Only a small number of pioneering groups have 
published information on minimally invasive CABG  
(2-4). Most of these studies focus on the efficacy, safety, 
and feasibility of incorporating these techniques into the 
standard toolkit at most CABG centers. However, long-
term data on the effects of complete versus incomplete 
revascularization (IR) in this highly selected population is 
scarce.

For the majority of patients with CAD, complete 
revascularization (CR) is the goal. However, there is no 

class I evidence, societal standards, or expert consensus on 
how complete coronary artery revascularization should be. 
Additionally, there is no clear guidance on when CR is best 
or which patients can benefit from IR (5).

Several definitions of complete and IR have been 
proposed (5). The two most common definitions are 
anatomical (revascularization of all coronary segments 
with stenosis greater than a predefined size) and functional 
(revascularization of all ischemic and viable territories) (6).

In many clinical situations, CR is not possible due to 
comorbidities, coronary anatomy, or operator expertise. In 
these cases, IR occurs, leaving significant untreated CAD (5).

The clinical ramifications of IR in the majority of 
patients with CAD, particularly those with chronic coronary 
syndrome, remain controversial to this day (5). The results 
that have been reported so far are confusing as they are based 
on a wide range of definitions, measurement methods, study 
populations, and revascularization methods (5). Nowadays, 
patients who are referred to surgery tend to be older and 
have a greater number of co-occurring medical conditions. 
Additionally, the surgical method has undergone significant 
development, as evidenced by the increased utilization 
of arterial grafts, the off-pump CABG, and advances in 
perioperative management (6).

This study aimed to assess the impact of completeness 
of revascularization on clinical outcomes and overall 
survival in risk-adjusted cohorts of patients undergoing 
minimally invasive off-pump thoracoscopic CABG surgery. 
We present this article in accordance with the STROBE 
reporting checklist (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-387/rc).

Methods

Study design

From January 2007 to December 2018, a total of 1,149 
consecutive patients underwent isolated, minimally invasive, 
off-pump CABG surgery at Robert Bosch Hospital. Of 
these patients, 626 underwent minimally invasive direct 
coronary artery bypass (MIDCAB) surgery and 523 
underwent minimally invasive off-pump CABG (MICS 
CABG) surgery. The study consisted of two groups: patients 
with IR and patients with CR. CR was defined as treatment 
of all major coronary artery regions with stenosis greater 
than 70% or fractional flow reserve less than 0.8.

The aim of this study was to assess the effects of IR on 
this demographic by determining the incidence of major 
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• Although incomplete revascularization (IR) did not reach statistical 

significance after risk adjustment, it was associated with a greater 
major adverse cardiovascular and cerebrovascular events (MACCE) 
rate and a shorter long-term survival in minimally invasive 
coronary surgery. 

What is known and what is new? 
• The long-held belief that complete revascularization (CR) is 

preferable to IR in terms of long-term survival makes achieving 
CR a primary objective in coronary artery bypass grafting (CABG) 
surgery. The limited number of retrospective studies on IR have 
shown wide variation in its prognostic effect.

• We focused on the prognostic impact of IR on all cause mortality 
and MACCE in a multivessel coronary artery disease (CAD) 
population operated on using minimally invasive, off-pump 
technique and receiving in mostly arterial grafts.

What is the implication, and what should change now? 
• Complete revascularization had a beneficial effect, although not 

to the point of statistical significance, on all-cause mortality and 
MACCE in our CAD study population operated on employing 
minimally invasive, off-pump CABG approach and receiving in a 
high majority arterial grafts. Hybrid revascularization strategies 
allow for IR as long as the percutaneous coronary intervention 
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adverse cardiovascular and cerebrovascular events (MACCE) 
and survival rates during mid-term and long-term follow-
up. MACCE was defined as acute myocardial infarction, 
stroke, repeat revascularization and all-cause mortality.

Demographic and clinical profiles were systematically 
collected and analyzed, including CAD severity and 
history, comorbidities, and preoperative risk factors. 
The majority of follow-up data was collected via mail or 
telephone interviews with study participants, or through 
communication with their referring cardiologists or primary 
care physicians if the participant could not be reached. 
Indicators of quality of life, such as angina symptoms and 
subsequent procedures, were also collected. Additionally, 
information regarding the date and cause of death was 
collected, where applicable.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
protocol was evaluated and approved by the ethics committee 
of the Medical University Tübingen (ethics registration 
number: 777/2021B02 as of December 6, 2021). Prior to 
their inclusion in the investigation, all study participants 
provided written informed consent.

Surgical technique

A 6- to 7-cm left antero-lateral thoracotomy was performed 
through the bed of the fifth intercostal space. The left 
internal thoracic artery (LITA) conduit was mobilised to 
revascularize the left anterior descending (LAD) artery in all 

cases. A T-graft construct was created to deliver blood flow 
to the lateral and/or posterior myocardial walls, with either 
the radial artery or saphenous vein used as bypass grafts and 
connected to the LITA. All operations were carried out on 
a beating heart using the off-pump approach (Video 1). The 
operational specifics have been presented previously (7).

The selection between the saphenous vein and radial 
artery was determined by patient-specific factors rather 
than surgical or surgical expertise of the operating surgeon. 
In the event that the radial artery could not be utilised 
(due to atherosclerosis, dissection of the artery, Allen Test 
revealed pathology on both sides, and/or the radial artery 
was utilised for the coronary angiogram prior to surgery), 
the saphenous vein was employed.

There were several reasons for IR: 
 In 57 cases, the heart team decided to perform IR 

(single LITA-LAD bypass) due to the patients’ 
severe infirmity and multiple diseases. The mean 
age of these patients was 79.7 years, and 29.8% of 
them experienced an acute myocardial infarction 
within three weeks prior to surgery. Furthermore, 
43.9% presented with chronic kidney disease. The 
referring interventional cardiologist determined 
that these patients’ significantly calcified coronaries 
and complicated anatomy made them unsuitable for 
percutaneous coronary intervention (PCI).

 In 85 cases, hybrid procedures were scheduled, but 
the intended PCI procedure was never performed. 
The reason can be attributed to one of two factors. 
Firstly, some patients did not experience angina 
symptoms after surgery, leading to the postponement 
of the procedure. Secondly, the procedure was 
conducted not only through a coronary angiogram, 
but also involved subsequent hemodynamic 
measurements. As a result, it was determined that 
the remaining stenosis was not significant and did 
not require PCI or stent implantation.

 In 43 cases, the intended surgical operation could 
not be completed because the operating surgeon 
assessed that the patients’ coronaries were too small 
and excessively atherosclerotic to be revascularized.

Statistical analysis

The study’s numeric variables do not exhibit a normal 
distribution, thus necessitating the reporting of their median 
and interquartile range (IQR). Baseline characteristics are 
represented in the form of numerical values and percentages 

Video 1 This video shows our setting for minimally invasive off-
pump coronary artery bypass grafting procedures, which includes 
preparing the skeletonized LITA with a heparine-papaverine 
solution and sewing of the left internal thoracic artery to LAD 
artery. LITA, left internal mammary artery; LAD, left anterior 
descending.
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for patients with categorical variables. Given the nature of 
this observational study, it was anticipated that there would 
be variations in several preoperative characteristics between 
the groups under comparison. These characteristics include 
sex, age, body mass index (BMI), European System for 
Cardiac Operative Risk Evaluation II (EuroSCORE II), 
previous myocardial infarction, diabetes history, stroke 
history, peripheral vascular disease, atrial fibrillation (AF), 
chronic obstructive pulmonary disease (COPD), arterial 
hypertension, renal insufficiency, carotid stenosis, left 
ventricular ejection fraction (LVEF), surgery type, number 
of anastomoses, and emergency status.

Every case was given a weight equal to the reciprocal 
of the estimated chance that it would be found in the 
treatment group under observation, in order to permit 
legitimate causal inferences. The probabilities, referred 
to as propensity scores (PS), were assessed using gradient 
boosted logistic regression, which accounted for potential 
interaction and nonlinearity of factors (8). The adequacy 
of group balancing was assessed by employing a PS-
adjusted logistic regression model, with completeness of 
revascularization serving as the dependent variable for 
each variable. The standardized effect size of the variable 
was employed as an indicator of the degree to which this 
variable exhibits balance.

The impact of therapy, namely the extent of revascularization, 
on peri- or post-treatment variables was evaluated by the 
utilization of PS-adjusted simple linear, bi- or multinomial 
logistic, or Cox survival regression models, depending on the 
nature of the variable. The survival curves of observations 
that were subject to right censoring were compared using PS-
adjusted log-rank testing. The study used a PS-adjusted interval-
censored technique to account for the presence of left and right 
censored observations in the MACCE-free survival data (9). 
The return date of the questionnaire was utilized for all survival 
analyses.

A bootstrap-type method was employed to calculate the 
PS-adjusted P value in the analysis of MACCE-free survival 
curves. In this method, the treatment variable was sampled 
based on the PS of each individual case. The lack of data 
on survival or MACCE for the sixty cases that were lost to 
follow-up was treated as absent value. All the other variable 
sets that were gathered were full except for this information.

A P value below 0.05 was deemed to be statistically 
significant. The statistical computations were performed using 
R software, specifically version 4.2 (10). The computation of 
PS was performed using the R-library twang (8). The majority 
of survival-related studies were conducted applying the 

R libraries survival (11) and survey (12). The svyVGAM 
package (13) was applied to do multinomial regression with 
weighted observations. The interval library was employed 
to conduct a comparison of survival curves for interval 
censored data (9).

Results

Demographics

A total of 964 individuals received CR (group C), while 
185 patients had IR (group I). According to Table 1, before 
PS weighting, patients in group I were older [73 (IQR 
65–80) vs. 68 (IQR 60–75.2) years, P<0.001], had a higher 
mean EuroSCORE II [5 (IQR 2.68–9) vs. 4 (IQR 2–7), 
P<0.001], and were more likely to have concomitant COPD 
(11.9% vs. 6.3%, P=0.008), AF (25.9% vs. 13.2%, P<0.001), 
peripheral vascular disease (18.4% vs. 10.2%, P=0.002), 
medically treated type II diabetes (28.6% vs. 19.9%, 
P=0.008), impaired renal function defined as glomerular 
filtration rate (GFR) under 50 mL/min/1.73 m2) (28.6% vs. 
13.1%, P<0.001), as well as history of stroke (9.2% vs. 5.3%, 
P=0.04).

All ten redo CABG patients were placed in group C, 
which also included a considerably greater percentage of 
patients with normal LVEF (P<0.001), a higher proportion 
of patients who had been previously treated by PCI (21.6% 
vs. 35.1%, P<0.001), and a higher proportion of patients 
with 1- and 2-vessel disease (VD) (P<0.001).

After an earlier PCI, only coronary segments with target 
vessel restenosis or occlusion were considered diseased.

Operative and in-hospital data

Table 2 shows that in group I, 132 (71.3%) patients 
underwent a MIDCAB procedure and 53 (28.7%) received a 
MICS CABG. Group C consisted of 494 (51.2%) MIDCAB 
cases and 470 (48.8%) MICS CABG ones. Both groups had 
a very high rate of total arterial revascularization and a very 
low rate of in-hospital complications and adverse outcomes 
following surgery.

The rate of conversion to either sternotomy or 
sternotomy with CPB was extremely low. However, all five 
patients who required conversion belonged to group C.

Long-term survival and MACCE

The median follow-up duration was 5.58 (3.27–8.48) years, 
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Table 1 Baseline patient characteristics

Variable All (n=1,149) Group I (n=185) Group C (n=964) Std. eff. sz. Unadj. P Adj. std. eff. sz. Adj.P

Age (years)* 69 [60–76] 73 [65–80] 68 [60–75.2] 4.420 <0.001 −0.459 0.64

Male gender* 975 (84.9) 152 (82.2) 823 (85.4) 1.114 0.26 −0.124 0.90

BMI* (kg/m2) 26.3 [24.2–28.7] 26.5 [24.2–29] 26.3 [24.2–28.7] −0.646 0.51 −1.01 0.31

EuroSCORE II* 4 [2–7] 5 [2.68–9] 4 [2–7] −4.04 <0.001 −0.881 0.37

COPD* 83 (7.2) 22 (11.9) 61 (6.3) −2.632 0.008 −0.202 0.84

Arterial hypertension* 1,142 (99.4) 184 (99.5) 958 (99.4) −0.131 0.89 −1.074 0.28

Atrial fibrillation* 176 (15.3) 48 (25.9) 128 (13.2) −3.72 <0.001 −0.681 0.49

Dyslipidaemia 1137 (99) 180 (97.3) 957 (99.3) 2.256 0.02 1.726 0.08

Peripheral vascular disease* 132 (11.5) 34 (18.4) 98 (10.2) −3.159 0.002 −0.738 0.46

Medically treated type II diabetes* 245 (21.3) 53 (28.6) 192 (19.9) −2.638 0.008 −0.839 0.40

Creatinine (mg/dL) 1 [0.9–1.1] 1 [0.9–1.3] 1 [0.8–1.1] −3.050 0.002 −0.73 0.46

Impaired renal function* (GFR  
<50 mL/min/1.73 m2)

179 (15.6) 53 (28.6) 126 (13.1) −5.205 <0.001 −0.660 0.50

Renal replacement therapy 13 (1.1) 6 (3.2) 7 (0.7) −2.706 0.007 −1.355 0.17

Carotid stenosis* 127 (11.1) 28 (15.1) 99 (10.3) −1.920 0.055 −0.473 0.63

History of stroke* 68 (5.9) 17 (9.2) 51 (5.3) −2.031 0.042 −0.730 0.46

History of MI*

No (BL) 735 (64.0) 112 (60.5) 623 (64.6) NA NA NA NA

MI <48 h 14 (1.2) 4 (2.2) 10 (1.0) −1.332 0.18 −0.298 0.76

MI 2 d–21 d 156 (13.6) 32 (17.3) 124 (12.9) −1.619 0.10 1.132 0.25

MI 21 d–91 d 93 (8.1) 16 (8.6) 77 (8.0) −0.494 0.62 −0.096 0.92

MI >91 d 151 (13.1) 21 (11.4) 130 (13.5) 0.417 0.67 0.402 0.68

History of PCI 378 (32.9) 40 (21.6) 338 (35.1) 3.516 <0.001 3.514 <0.001

Previous cardiac surgery 13 (1.1) 0 (0) 13 (1.3) >10 <0.001 >10 <0.001

Previous CABG surgery 10 (0.9) 0 (0) 10 (1.0) > 10 <0.001 > 10 <0.001

Extent of CAD

1 VD (BL) 301 (26.2) 1 (0.5) 300 (31.1) NA NA NA NA

2 VD 495 (43.1) 72 (38.9) 423 (43.9) −3.902 <0.001 −2.951 0.003

3 VD 353 (30.7) 112 (60.5) 241 (25) −4.906 <0.001 −4.065 <0.001

LVEF*

>50% 899 (78.2) 119 (64.3) 780 (80.9) NA NA NA NA

30–50% 205 (17.8) 53 (28.6) 152 (15.8) −4.408 <0.001 −0.679 0.49

<30% 45 (3.9) 13 (7) 32 (3.3) −2.852 0.004 0.118 0.90

Status*: urgent surgery 386 (33.6) 54 (29.2) 332 (34.4) 1.382 0.16 0.039 0.96

Values are presented as number and percentage (%) for categorical variables and as median and interquartile range [Q1 – Q3] for 
continuous variables. *, variables included in the propensity score (PS)-adjusted logistic regression model. Group I: incomplete 
revascularization; Group C: complete revascularization. unadj, unadjusted; adj. std. eff. sz., adjusted standardised effect size; adj. P, 
adjusted P value; BMI, body mass index; EuroSCORE, European System for Cardiac Operative Risk Evaluation; COPD, chronic obstructive 
pulmonary disease; GFR, glomerular filtration rate; MI, myocardial infarction; BL, base line; NA, not available; PCI, percutaneous coronary 
intervention; CABG, coronary artery bypass grafting; CAD, coronary artery disease; VD, vessel disease; LVEF, left ventricular ejection 
fraction.
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Table 2 Operative and in-hospital post-surgery data

Variable All (n=1,149) Group I (n=185) Group C (n=964) Std. eff. sz. Unadj. P Adj. std. eff. sz. Adj.P

Type of surgery*

MIDCAB 626 (54.5) 132 (71.3) 494 (51.2) NA NA NA NA

MICS CABG 523 (45.5) 53 (28.7) 470 (48.8) 4.93 <0.001 1.321 0.18

No. of distal anastomoses*

1 (BL) 627 (54.6) 132 (71.4) 495 (51.3) NA NA NA NA

2 453 (39.4) 49 (2.6) 404 (41.0) 0.437 <0.001 0.860 0.39

3 68 (6.0) 4 (2.2) 65 (6.7) 2.795 0.005 1.749 0.08

Type of revascularization according to graft material

Dominant arterial (BL) 1 (0.1) 0 (0) 1 (0.1) NA NA NA NA

Dominant venous 4 (0.3) 2 (1.1) 2 (0.2) <−10 <0.001 <−10 <0.001

Total arterial 1,115 (97.0) 180 (97.3) 935 (97.0) <−10 <0.001 <−10 <0.001

Equal (no. arterial = no. 
venous)

29 (2.5) 3 (1.6) 26 (2.7) <−10 <0.001 <−10 <0.001

Conversion to sternotomy 4 (0.3) 0 (0) 4 (0.4) >10 <0.001 >10 <0.001

Conversion to sternotomy and 
CPB 

1 (0.1) 0 (0) 1 (0.1) >10 <0.001 >10 <0.001

Radial artery as bypass graft 395 (34.4) 33 (17.8) 362 (37.6) 5.010 <0.001 1.874 0.06

Saphenous vein as bypass graft 37 (3.2) 5 (2.7) 32 (3.3) 0.434 0.66 0.524 0.60

Length of ICU stay (days) 1 [1–1] 1 [1–1] 1 [1–1] −0.948 0.34 0.457 0.64

Length of hospital stay (days) 7 [6–9] 7 [6–9] 7 [6–8] −1.79 0.07 0.468 0.64

Postoperative new onset renal 
failure requiring dialysis

19 (1.7) 8 (4.3) 11 (1.1) −2.892 0.004 −1.632 0.10

Postoperative stroke 13 (1.1) 4 (2.2) 9 (0.9) −1.405 0.16 −0.549 0.58

Postoperative CPR 11 (1.0) 4 (2.2) 7 (0.7) −1.749 0.08 −0.118 0.90

Postoperative MI 11 (1.0) 2 (1.1) 9 (0.9) 0.188 0.85 1.157 0.24

Reoperation for bleeding 33 (2.9) 3 (1.6) 30 (3.1) 1.091 0.27 1.549 0.12

Reoperation with bypass 
revision

7 (0.6) 0 (0) 7 (0.7) >10 <0.001 >10 <0.001

30-d mortality 14 (1.2) 4 (2.2) 10 (1.0) −1.249 0.21 0.569 0.56

Values are presented as number and percentage (%) for categorical variables and as median and interquartile range [Q1 – Q3] for 
continuous variables. *, variables included in the propensity score (PS)-adjusted logistic regression model. Group I: incomplete 
revascularization; Group C: complete revascularization. unadj, unadjusted; adj. std. eff. sz., adjusted standardised effect size; adj. P, 
adjusted P value; MIDCAB, minimally invasive direct coronary artery bypass; NA, not available; MICS CABG, minimally invasive off-
pump coronary artery bypass grafting; BL, base line; CPB, cardiopulmonary bypass; ICU, intensive care unit; CPR, cardiopulmonary 
resuscitation; MI, myocardial infarction. 
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and 1,089 patients were followed up on, for a follow-up rate 
of 94.8%. Table 3 presents the number of events for each 
cohort during follow-up. Fifty patients had a myocardial 
infarction, accounting for 4.4%, whereas 134 patients, or 
11.7%, required a PCI procedure. It is worth noting that 
none of the seven patients who underwent redo bypass 
surgery were designated from group I.

No significant differences between the two weighted 
groups were found with regard to recurrence of angina 
symptomatic [P=0.12, logOR (odds ratio): −0.387, 95% 

confidence limit (CL): −0.886 to 0.111], acute myocardial 
infarction rate (P=0.28, log OR: 0.524, 95% CL: −0.434 to 
1.483), stroke rate (P=0.74, logOR: 0.174, 95% CL: −0.874 
to 1.224) or repeat revascularization by means of PCI 
(P=0.47, logOR: −0.198, 95% CL: −0.740 to 0.342). Seven 
patients, all of whom were in group C, required redo bypass 
surgery.

In addition, the cumulative MACCE rate was comparable 
between the two groups [(P=0.26, logOR: −0.217, 95% CL: 
−0.599 to 0.165), log-rank test P=0.12]. Figure 1 depicts 
the Kaplan Meier MACCE-free survival curves for the two 
adjusted study populations.

On the basis of Kaplan Meier estimates, the 1-, 3-, 5-, 8-, 
and 10-year unadjusted survival rates were 94%, 84%, 75%, 
62%, and 51% for group I, and 97%, 94%, 88%, 77%, 
and 72% for group C, with a significant advantage for CR, 
P<0.001 [hazard ratio (HR): 0.510, 95% CL: 0.368–0.705, 
log-rank test P=0.00003] (Figure 2).

The 1-, 3-, 5-, 8-, and 10-year adjusted survival rates 
were 96%, 90%, 83%, 71%, and 59% for group I, and 
97%, 93%, 87%, 76%, and 71% for group C, P=0.19 (HR: 
0.777, 95% CL: 0.531–1.137, log-rank test P=0.23). 

The Kaplan Meier survival curves for the two adjusted 
study populations are presented in Figure 3.

Discussion

The primary findings of this study, which included 1,149 
PS-adjusted MIDCAB and MICS CABG patients, were 
improved mid- and long-term survival and reduced severe 
adverse events for patients who underwent CR. 

One of the study’s significant findings is that more than 
half of the patients in our IR study cohort were initially 

Table 3 Follow up outcomes

Variable All (n=1,089) Group I (n=185) Group C (n=964) Std. eff. sz. Unadj. P Adj. std. eff. sz. Adj.P

Angina pectoris 166 (14.4) 29 (15.6) 137 (14.2) −0.747 0.45 −1.524 0.12

Myocardial infarction 50 (4.4) 6 (3.2) 44 (4.6) 0.703 0.48 1.073 0.28

Percutaneous coronary 
intervention 

134 (11.7) 22 (11.9) 112 (11.6) −0.282 0.77 −0.721 0.47

Redo bypass surgery 7 (0.6) 0 (0) 7 (0.7) >10 <0.001 >10 <0.001

Stroke 49 (4.3) 5 (2.7) 44 (4.5) 1.043 0.29 0.327 0.74

MACCE 387 (33.7) 72 (38.9) 315 (32.6) −2.081 0.03 −1.112 0.26

Values are presented as number and percentage (%); Group I: incomplete revascularization; Group C: complete revascularization. unadj, 
unadjusted; adj. std. eff. sz., adjusted standardised effect size; adj. P, adjusted P value; MACCE, major adverse cardiovascular and 
cerebrovascular event.
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Figure 1 The Kaplan Meier MACCE curves for the two adjusted 
study populations. CL, confidence limits; MACCE, major adverse 
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scheduled for a hybrid treatment, but the planned PCI 
procedure did not occur. This could explain why the IR 
group had a lower survival rate. The organization of the PCI 
step following heart surgery must be prioritized in the future.

The long-held belief that CR is preferable to IR in 
terms of long-term survival makes achieving CR a primary 
objective in CABG (5). However, between 9% and 39% of 
patients in clinical practice have IR (14-23).

The limited number of retrospective studies on IR 
have shown wide variation in its prognostic effect. This is 
likely due to the use of different definitions of IR, surgical 
approaches, patient groups, CAD patterns, and follow-up 
times (14-21).

In stable patients with multivessel (MV) disease, early 
trials from the 1980s showed a survival benefit of CR versus 
IR in individuals who underwent CABG (24-26). With a 
median follow-up of 4.7 years, a meta-analysis of 28 trials 
involving 83,695 individuals, found that CR had a greater 
survival benefit than IR in patients with CABG (risk ratio, 
0.76; 95% CI: 0.63–0.90) (27).

A SYNTAX (Synergy Between PCI With Taxus and 
Cardiac Surgery) trial analysis of all-comers patients with 
3VD or left main CAD, consisting of randomly assigned 
patients and a nested registry, revealed that CR with CABG 
had a lower risk of all-cause death at 4 years compared with 
IR [HR, 0.70 (95% CI: 0.49–0.98); P=0.039] (28). In the 
SYNTAX Extended Survival Study analysis, Takahashi et al. 
found that overall CR had no significant difference in the 
risk of 10-year all-cause death compared to IR in CABG 
patients (29).

This difference to the 4-year SYNTAX data (28) was 
likely due to the fact that the nested CABG registry 
included patients with more complex anatomy and more 
clinical comorbidities and these patients were at a much 
higher risk of death from all causes after CABG with IR 
instead of CR (29).

Bianco  e t  a l .  reported that  surgica l  CR of  a l l 
angiographically stenotic arteries was linked with fewer 
major adverse events and increased mid-term survival in a 
recent trial that included 3,356 patients with MV CAD who 
underwent isolated CABG (15). There was no association 
between IR of non-main-branch vessels and either survival 
or MACCE (15).

We focused on the prognostic impact of IR on all 
cause mortality and MACCE in a MV CAD population 
operated on using minimally invasive, off-pump technique 
and receiving in mostly arterial grafts. An inquiry was 
made regarding whether the selection of conduit and the 
improvement of the surgical procedure throughout the 
duration of the trial, particularly whether there was a higher 
utilisation of saphenous vein grafts compared to radial 
artery grafts at the beginning, could have influenced the 
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Figure 2 The Kaplan Meier survival curves for the two unadjusted 
study populations. CL, confidence limits.

Figure 3 The Kaplan Meier survival curves for two adjusted study 
populations. PS, propensity score.
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survival outcomes. In our study group, we discovered that 
the choice of bypass graft material was not influenced by 
time, but rather by individual patient variables. In addition, 
the proportion of patients who underwent a saphenous vein 
graft was rather small, totalling 3.2%, with 2.7% in group I 
and 3.3% in group C. Thus, this discovery further supports 
the concept that bypass grafting of the LAD with the 
LITA may counterbalance the long-term prognostic effects  
of CAD.

In a study of 8,806 individuals, Rastan et al. hypothesized 
that bypass grafting of the LAD with LITA may largely 
compensate for the prognostic impact of MV CAD (14). 
The authors found no impact of IR on long-term survival. 
They also hypothesized that, in diffuse distal CAD of 
the non-LAD areas, postoperative optimized medication 
may compensate for surgical IR (14). Off-pump IR using 
LITA-LAD grafting achieved satisfactory in-hospital and 
mid-term results in a study of 1,349 isolated off-pump 
CABG patients conducted by Ji et al. (23). Kaplan Meier 
curves comparing the two groups, complete vs. incomplete 
revascularized, revealed similar cumulative survival free 
from recurrent revascularization (23). 

The authors hypothesise that off-pump IR with LITA 
grafting to LAD may be a relatively attractive approach 
in cases when surgical CR is difficult to perform (23). In 
our study, all patients received a LITA-LAD bypass. IR 
negatively affected long-term survival in both the unadjusted 
and adjusted populations. Of the 185 patients in group I, 57 
were destined for IR in the form of MIDCAB from the start 
due to their advanced state of frailty and medical conditions. 
However, in the aforementioned research, patients in the 
IR group had a median of 3 bypasses while those in the 
CR group received a median of 4 bypasses (23). Thus, we 
can deduce that revascularizing merely the LAD in an MV 
CAD might not be enough to improve long-term survival. 

In our cohort, these cases were immediately flagged 
during heart-team screening as being too frail and sick 
to withstand a complete surgical revascularization. In 
addition, our two groups’ early and 1-year survival rates are 
comparable, providing further support for this strategy in 
the aforementioned exceptional circumstances.

The rationale for CR is distinct from the feasibility of 
achieving it (21). Patients with IR may already have a worse 
long-term perspective, because IR is a potential marker 
of an increased burden and complexity of coronary and 
other vascular disease (30). Head et al., using data from the 
SYNTAX trial population, determined that diffuse disease 
of small vessels was the primary cause of IR. Other causes 

included peripheral vascular disease, unstable angina, a 
higher EuroSCORE, a higher SYNTAX score, the presence 
of a total occlusion, bifurcation, and a greater number of 
lesions (21).

Long-term outcomes of complete and IR in a PS-
matched group with MV CAD and pre-existing AF were 
documented by Pasierski et al. CR was found to provide 
long-term benefits, especially for low-risk patients receiving 
off-pump CABG (22).

Kim et al. found in a 10-year subgroup analysis of the 
PRECOMBAT study’s outcomes that 68.3% of the PCI 
group and 70.3% of the CABG group underwent CR. 
The authors found no statistically significant difference 
between PCI and CABG in the rates of MACCE and all-
cause mortality, regardless of whether revascularization 
was complete or incomplete (31). CR in our research 
group enhanced the prognosis in the mid- and long-term, 
although not to the point of statistical significance.

Due to the complex nature of coronary lesions, CR 
is often an ideal but unattainable aim, even after careful 
identification of criteria for CABG. Unfortunately, surgical 
revascularization is still mostly focused on anatomy, and 
fractional flow reserve guided revascularization is not 
regularly performed.

Every patient must get individualized care, and a heart-
team plays an essential part in this process by considering 
the patient’s unique medical history, current clinical 
condition, and coronary anatomy. CR should be considered 
in making these choices, although it should be understood 
that in some cases this may not be possible.

The study’s most significant limitation is its retrospective 
nature. Furthermore, though using PS weighting, the study 
reflects the results of a single center over a rather lengthy 
period of time; hence, results should be interpreted with 
caution. Also, the study population was recruited through 
a thorough process of selection and debate in heart-team. 
The comparison of IR and CR in minimally invasive off-
pump CABG patients was observational, so the results 
were subject to residual confounding factors. Our surgical 
team has extensive experience with both off-pump CABG 
and minimally invasive methods, which may influence 
the generalizability of our findings. Another possible 
confounding element is the inferred definition of complete 
versus IR.

Conclusions

CR had a beneficial effect, although not to the point of 
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statistical significance, on all-cause mortality and MACCE 
in our CAD study population operated on employing 
minimally invasive, off-pump CABG approach and receiving 
in a high majority arterial grafts. Hybrid revascularization 
strategies allow for IR as long as the PCI step following 
surgery is performed. Rarely, following careful assessment 
in a heart-team setting, IR can be advantageous when the 
cost of establishing CR greatly surpasses the benefit.
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