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Abstract

OBJECTIVE To compare postoperative and long-term results (angina, myocardial and cerebrovascular events and coronary

re-intervention) using single versus bilateral internal mammary arteries (SIMA vs. BIMA) in the setting of off-pump revascu-

larisation (OPCAB) within a single-surgeon practice. METHODS Retrospective analysis of all isolated OPCAB performed in

our institution by a single surgeon in the last 12 years.Two groups were analysed: SIMA (n = 681) and BIMA (n = 342). A

propensity score matching was performed to compare the groups, reducing the sample to 684 patients.Follow-up (mean 6.5 ± 3.5

years) was done by telephone interviews or clinical visits, registering also late mortality and coronary re-intervention. Outcomes

were compared to literature. RESULTS Demographic characteristics differed between groups, with BIMA offered predominantly

to non-diabetic younger males (mean 59.4 years) with less comorbidity. In-hospital mortality was 2% for the SIMA group and

1% for BIMA (p = 0.18). Long-term mortality was also higher for the SIMA group (2% vs. 1% at 1 year, p = 0.22 and 16%

vs. 5% at 5 years, p < 0.001). Sternal wound infection was similar in both groups (2-3%). Long-term follow-up revealed good

freedom from angina (94%) with low rates of neurological and myocardial events (3%) or need for repeated revascularisation

(3%) in both groups. CONCLUSION BIMA offers long-term survival benefit with similar postoperative complications. Rates

of deep sternal wound infection were comparable between the two groups.Excellent outcomes can be achieved with OPCAB

BIMA in real world practice with adequate patient selection.
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INTRODUCTION

The use of bilateral arterial mammary (BIMA) compared to single internal mammary artery (SIMA) in
coronary revascularization has been suggested to improve long-term survival by several observational studies
and meta-analysis. [1-10]

However, the only randomized control trial evaluating the long-term survival with BIMA has not proved any
survival benefit with the used of BIMA. [11-15]

On the other hand, the routine use of BIMA is still limited by the higher morbidity and mortality associated
with the technique, especially related to deep sternal wound infection (DSWI).[19, 20]

The objective of this study was to compare the operative and long-term outcomes of patients using BIMA
versus SIMA in the setting of off-pump coronary bypass surgery (OPCAB) in a single institution; all cases
were undertaken by a single surgeon with experience in OPCAB surgery (over 1500 cases) whose default
approach to surgical coronary revascularization is OPCAB.

MATERIAL AND METHODS

Patient selection and data collection

We conducted a retrospective analysis of prospectively electronically collected data of all patients who
underwent isolated OPCAB in our center between 2003 and 2014. All cases were performed by the same
surgeon. Preoperative characteristics, cardiovascular risk factors, postoperative complications and in-hospital
mortality were prospectively recorded in our database Patients Administration and Tracking System (PATS).

Long-term follow-up was undertaken through clinical visits and/or telephone interviews to determine clinical
status (functional class and residual angina), myocardial and cerebrovascular events and need for repeated
revascularization. The follow-up data collection was undertaken between January and September 2016, with
the majority being through telephone interview, as patients had already been discharged from the hospital
follow-up system. Mortality data was obtained from the National Demographic Census.

The data used in this study was approved by the institutional review board, which deemed an individual
consent form was not needed since no patient identifiable information was used.

Operative technique:

OPCAB is the default technique used by the author for isolated coronary revascularization, including emer-
gency referrals. Surgical access was obtained through standard median sternotomy. The revascularization
strategy for the SIMA group included LIMA-LAD and saphenous vein grafts (SVG) for the other targets. In
the BIMA group, a LIMA-RIMA T graft was used in the majority of cases (88%) for the left-sided lesions;
a free RIMA was used only in 12% of the cases. A radial artery (RA) was used as a third arterial conduit in
67 patients (20%), most commonly for the right-sided lesions, but in 16 cases was used for obtuse marginal
territories.

The choice of conduits was decided upon patient baseline characteristics and anatomy and severity of the
lesions. In general, BIMA is offered to young individuals (< 65 years old) with no more than 2 comorbidities
out of diabetes, COPD and obesity.

LIMA was harvested following the semi-skeletonized technique whereas a fully skeletonized RIMA was prefer-
red due to its optimized length and also to preserve some vascularization of the sternum. SVG was harvested
either open or endoscopically, depending on availability of the appropriate trained personnel and resources.

2
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OPCAB strategy included routine opening of the right pleura to allow mobilization of the heart during
the lateral wall exposure, placement of a deep pericardial string to facilitate the mobilization of the heart
and use of a stabilizer (Maquet Acrobat® or Medtronic Octopus®). Distal anastomoses were performed
with temporary proximal vessel occlusion was undertaken to facilitate arteriotomy and intracoronary shunt
insertion, following which vessel flow was restored and the distal anastomosis performed, with a bloodless
field facilitated with a CO2 blower (Maquet AXIUS Blower Mister®).

Proximal anastomoses, where necessary, were performed using either a partial occlusion aortic clamp or
Heartstring Proximal Seal System (Maquet®) where avoidance of aortic clamping was indicated.

The standard sequence of anastomoses consisted of distal anastomoses on the anterior wall (LAD, Diagonal),
distal anastomoses on the inferior wall (RCA, PDA, LV branch), followed by proximal anastomoses (if
applicable) and finally, anastomoses on the lateral wall (Intermediate, OM). If BIMA was used, the T-graft
between LIMA-RIMA was constructed first and patency of the anastomosis tested.

Statistical methods:

Continuous variables were expressed as mean ± standard deviation (SD) or median ± inter-quartile range
(IQR) (depending on distribution of data) and comparison between groups was performed using t test/ Mann-
Whitney test. Categorical variables were expressed as percentages and compared using Chi-square/Fisher
exact test as appropriate.

A multiple logistic regression model was used to identify the predictors of early mortality and Cox regression
was applied to identify the best predictors of late mortality including all the significant variables listed in
annexed tables (cut-off at p < 0.05) (Tables 1-5). The results were expressed as odds ratios (OR) and hazard
ratios (HR) with corresponding 95 % confidence intervals (CI).

As the two groups were significantly different with respect to their baseline characteristics, propensity score
matching (with a match tolerance of 0.05) was performed (including the preoperative characteristic except
echocardiographic parameters) using SPSS. The matched groups were analyzed using the methods described
above.

Kaplan-Meier survival analysis was applied; curves were built for each group and were compared using the
log-rank statistic.

SPSS 22.0 was used to analyze the data.

Definitions:

Previous neurologic disease: Cerebrovascular accident (CVA) or transient ischemic attack (TIA) diagnosed
before the operation, with or without residual deficits.

Postoperative neurological events: new focal deficit after surgery; either TIA or CVA.

Long term ventilation: postoperative ventilation for more than 7 days, including reintubation or tracheostomy.

Respiratory complications: acute distress respiratory syndrome (ARDS) or pneumonia during the postope-
rative period.

Gastrointestinal (GI) complications: bowel ischemia, GI bleeding or laparotomy for any cause during the
postoperative period.

Good LV: Ejection Fraction > 50%.

Fair LV: Ejection Fraction 30 -50%.

Poor LV: Ejection Fraction < 30%.

RESULTS

3
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Between 2003 and 2014 a total of 1210 patients underwent OPCAB in our institution under the same
surgeon. One-vessel disease and other revascularization strategies different to SIMA or BIMA were excluded.
We identified 1023 patients who fulfilled the inclusion criteria, 681 of them in the SIMA group and 382 in
the BIMA group. As the two groups were significantly different with respect to their baseline characteristics,
propensity score matching (with a match tolerance of 0.05) was performed, reducing the cohort to 684
patients.

BIMA was offered to younger patients (mean age 59.4 ± 9.1 vs. 69.4 ± 7.7 for the SIMA group, p = 0.001),
predominantly male (91% vs. 78%, p = 0.001) and with less comorbidities such as diabetes (21% vs. 32%,
p = 0.001), chronic obstructive respiratory disease (COPD, 10% vs. 17%, p = 0.002), previous neurological
disease (5% vs. 10%, p = 0.001), peripheral vascular disease (10% vs. 19%, p = 0.001) or previous myocardial
infarct (45% vs. 55%, p = 0.005). Obesity (BMI > 30) was similar in the two conduit strategies (40% vs.
44%, p = 0.07).

After the propensity matching, the baseline characteristics were comparable, although age remained signifi-
cantly lower in the BIMA group (59.4 ± 9.1 vs. 69.5 ± 7.9, p = 0.001). (Table 1) Rest of the preoperative
characteristics for the non-matched and matched groups are listed in Table 1.

Revascularisation with BIMA was used for elective cases but also in-house urgent referrals (41%) and emer-
gency cases (2%). Twenty-three patients had an intra-aortic balloon pump (IABP) inserted before the ope-
ration for unstable angina, and BIMA strategy was offered to three of them. After the propensity matching,
the timing for surgery and use of preoperative IABP were also comparable. (Table 2)

The choice of conduits was not influenced by the extent of the disease. As determined by the preoperative
coronary angiogram, the use of SIMA or BIMA was equivalent for three vessels disease (83% vs. 80%, p =
0.18), two vessels disease (17% vs. 20%, p = 0.18) and left main stem (LMS) disease (32% vs. 37%, p =
0.11). However, BIMA was most frequently used for patients with normal left ventricular ejection fraction
(LVEF) (71% vs. 56%, p = 0.001) and less frequently in those in with impaired LVEF (Fair LVEF 27% vs.
38%; Poor LVEF 2% vs. 6%, p < 0.05). (Table 2). LVEF was also included in the propensity score matching,
however the use of BIMA continued to seem to be preferred in patients with good LVEF and an adjusted
Cox analysis was conducted to analyse the impact on survival. (Table 2)

Mean number of distal anastomoses performed was equivalent in the two groups, even before matching (SIMA
3.7 ± 0.8 (1 - 5), BIMA 3.7 ± 0.8 (2 - 6), p = 0.11). As expected, the number of arterial conduits used was
superior in the BIMA group (2.8 ± 0.6 (2 - 5)) when compared to the SIMA group (1.1 ± 0.3 (1 - 2), p
= 0.001; note that the patients recorded as two arterial conduits in the SIMA group had a sequential graft
with the LIMA to the LAD and first diagonal). Venous conduits were more commonly used in the SIMA
group (2.5 ± 0.8 (0 - 4) vs. 0.8 ± 0.8 (0 - 3) in the BIMA group, p = 0.001). A third arterial conduit (RA)
was used in 67 cases (20%). Total arterial revascularization was achieved in 109 cases (42%). (Table 3)

Complete revascularization was achieved in 99.4% of the cases; in the remaining 0.6%, a vessel (PDA or
OM) was deemed to be too small to be grafted during the intraoperative analysis. The rate of conversion
from OPCAB to ONCAB during the same period of the study was 0.7% (8 cases, which were excluded from
the study). Reasons for conversion were: ventricular arrhythmias (4 cases), intraoperative cardiac arrest (2
cases) or difficult exposure of an intramyocardial OM vessel (2 cases).

In-hospital results

The results analyzed correspond to the matched groups. The non-matched group results are displayed in the
corresponding tables but are not commented in the manuscript.

Overall in-hospital mortality was 1.3% (9 cases). The cause of death was: cardiac (4 cases, 44%), sepsis (3
cases, 34%), neurological (1 case, 11%), and respiratory (1 case, 11%). In-hospital mortality was similar in
the two groups: SIMA 2%, BIMA 1% (p = 0.18). (Table 4)

The multivariate regression model identified previous hemodialysis (p = 0.02, OR 0.03, CI 95% 0.1-0.5) as

4
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risk factor for in-hospital mortality.

Complications in the immediate postoperative period were equivalent in the two groups, except for neuro-
logical complications (1% vs. 0%, p = 0.05) and leg wound infection (4% vs. 1%, p = 0.001), which were
significantly higher in the SIMA group (Table 4). The incidence of DSWI was only 2% (17 patients) and was
equivalent in the two groups. Of those, 10 patients were treated conservatively and, only 7 (1%) required
reoperation for wound debridement and/or resuturing. (Table 4)

Postoperative neurological complications (p = 0.002, OR 8.9, CI 95% 5.1 – 13.8) and postoperative hemo-
filtration (p = 0.001, OR 36.9, CI 4.9 – 27.6) were identified by the multivariate regression model as risk
factors for in-hospital mortality.

Follow-up results

Long-term mortality was obtained from the National Demographic Census with a 100% completion of data.
Overall, 13% of the patients died during the follow-up period. The causes of death were as follows: Cardiac
35%, Neurological 13%, Cancer 8%, Renal 7%, Respiratory 7%, Sepsis 6%, Vascular 1%, Gastrointestinal
1% and Other 7%. We were unable to identify the cause of death in 15% of the cases.

Overall one-year mortality was 2%. It was 2% in the SIMA group and 1% in the BIMA group (p = 0.22).
Overall five-year mortality was 10% and in this case it was significantly higher in the SIMA group (16% vs.
5%, p < 0.001). (Table 5)

Age (p = 0.001, HR 1.1, 95% CI 1.1 – 1-2), COPD (p = 0.004, HR 2.0, 95% CI 1.2-3.2) and Logistic
EuroScore (p = 0.002, HR 1.0, 95% CI 1.1- 1.2) were identified by the Cox regression as risk factors for
long-term mortality.

Mean survival calculated by the Kaplan-Meier curve was 11.0 ± 0.2 years (95% CI 10.7 – 11.4) in the BIMA
group and 10.0 ± 0.3 years (95% CI 9.5 – 10.6) in the SIMA group.

The Kaplan-Meier survival curves and number of patients at risk for each period are displayed in Figure 1
and annexed table. The survival curve for the non-matched population is displayed in Figure 2.

Since the two groups still differed in age, with the BIMA group having significantly younger patients, a
Cox model was applied to account the age difference. Subjects who received BIMA still had better survival
compared to those who received SIMA (HR 0.63 (0.4 – 0.99), p 0.047).

The Cox analysis was also applied to the LV function subgroups, as they remained significantly different
after the propensity matching. BIMA conferred a survival benefit for patients with good LVEF (HR 0.31
(0.18 – 0.54), p = 0.0001) and fair LVEF (HR 0.54 (0.3 – 0.99), p = 0.048), but we did not demonstrate a
significant survival benefit when using BIMA for patients with poor LVEF (HR 1.61 (0.27 – 9.59, p = 0.6).

The follow-up visits and/or telephone interview revealed an excellent functional class years after the opera-
tion. Only 8% of the patients reported residual angina being in CCS class II - III and 4% of the patients
described dyspnea in NYHA Class III-IV, which was more likely attributed to concomitant aortic stenosis or
advanced COPD. The incidence of myocardial and cerebrovascular events during the following years after the
operation was 3%. There were no differences in the distribution of the complications or residual symptoms
amongst the groups.

Thirty-two patients (6%) were lost to follow-up. (Table 6)

Thirty-nine patients (7%) underwent a repeated angiogram years after the operation. The most common
reason was residual angina, although 20% of them were done as part of the preoperative workup due to
severe aortic stenosis.

The angiogram confirmed patent grafts in 36% of the cases. Graft failure was reported in 33% cases (13
patients), most commonly due to the SV graft failure (62%, 8 cases) but arterial grafts were also affected
(LIMA 15%, 2 cases; RIMA 15%, 2 cases; RA 8%, 1 case). Two patients showed combination of venous and
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arterial graft failure. In 8% of the cases (3 patients), the angiogram showed progression of the native disease
in vessels not previously grafted, and in 15% of the cases (6 patients) we were not able to determine the
result since the angiogram was not performed in our institution but in a local hospital.

Only 17 patients (5%) required further revascularization with PCI, and only 0.4% of them were required
during the first year after the operation. (Table 6)

DISCUSSION

Several observational studies and meta-analysis have reported the survival advantage when using BIMA
compared to SIMA, even in diabetics and elder populations.[1-8] The survival advantage seems to increase
through the postoperative years, even beyond 15 years.[9-10] These studies have also reported equivalent
results in terms of mortality and morbidity after the use of BIMA when compared to SIMA, therefore
raising the question of why the routine use of BIMA is not standard practice.

Our study confirmed the survival advantage of BIMA compared to SIMA and the absence of extra compli-
cations or in-hospital mortality excess when the BIMA is used.

The only RCT to date, the Arterial Revascularization Trial (ART), which reported recently their 10-years
results has not been able to demonstrate a survival benefit with the use of BIMA at one, five or ten years.
Our mortality result using BIMA is significantly lower that the results reported in the ART trial (1% vs.
2.5% at 1 year and 5% vs. 8.7% at 5 years).[11-13]

They also reported a repeated revascularization rate of 1.8% at one-year for the BIMA group and 1.3% for
the SIMA group.[11-13] We have demonstrated a lower repeated revascularization rate, especially at one-year
(0.4%), which is even more impressive if we take on account that we are reporting OPCAB surgery, which has
always had slightly higher rates of reported repeated revascularization (1.4% at one-year in the CORONARY
trial, 4.6% at one-year in the ROOBY trial).[25, 26]

A subanalysis of the ART comparing 5-years outcomes of the two revascularization strategies used in their
trial (ONCAB and OPCAB) did not demonstrate any significant differences between the two of them. They
report 8% five-year mortality for both strategies, while we reported an overall 5-year mortality of 10%,
significantly higher in the SIMA group (16% vs. 5%, p < 0.001).[15]

One of the main limitations for the routine use of BIMA has been the high reported rate of DSWI. In our
study, the incidence of DSWI was only 2%. The incidence of sternal reconstruction in our series was only
1%, lower than the ART study, that reported a 1.9% sternal wound reconstruction in the BIMA group and
0.6% in the SIMA group at one-year. Our lower rates are consistent with the lower rates of DSWI expected
for patients undergoing BIMA harvesting in the OPCAB setting.[11-16]

It has been reported that the skeletonized technique reduces the risk of DSWI without compromising the
long-term graft patency.[16] The ART trial suggested, that the use of bilateral skeletonized BIMA has the
same risk of DSWI than a pedicle SIMA.[12] Our strategy for harvesting mammary arteries consists on
semi-skeletonize the LIMA and completely skeletonize the RIMA.

The optimal configuration of BIMA grafts is unknown. A number of grafting strategies have been described,
including bilateral grafts in situ, use of the RIMA as a free graft from the aorta and the creation of T or
Y composite grafts from the LIMA. None of them seem to be superior in terms of survival or long-term
patency.[17,18]

In our center, the initial use of free RIMA has declined in favor of the current strategy of T composite grafts
between LIMA and RIMA.

The routine use of BIMA is still very limited. Despite the clear survival benefit and the equivalent in-hospital
complications, it is not offered to all patients. Some advocated reasons are the technical skills required for
harvesting and grafting, the increased operating time and resources, the lack of consensus for selection of
patients whom can benefit most and the higher rate of DSWI.
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In our institution, we believe that the technical aspects can be taught, and we include them in our training
program. However, the lack of consensus for selection criteria is important and at present, we only offer
BIMA to certain patients based on the individual surgeon’s own selection criteria.

The use of the radial artery (RA) is still generating debate. Several studies had tried to compare it to BIMA.
A meta-analysis confirmed the survival benefit of the BIMA also versus SIMA-RA.[21] On the other hand,
a similar benefit to BIMA when using a SIMA-RA composite but obviously, eliminating the extra risk of
DSWI has also been recently reported.[22]

Furthermore, when analyzed as a third arterial conduit, the use of a RA has not shown to add any survival
benefit. [23, 24]

In our study, the radial artery was used only in 20% of the cases, mostly in the initial years of the study.
The current practice of the author is to use the BIMA for the left-sided lesions and a SV conduit for the
right-sided lesions, reserving RA for when there are no other conduits available.

Our study has the limitations of being retrospective and purely descriptive. We report a single surgeon
experience with a level of expertise reflected in a greater number of distal anastomoses and lower rate
of conversion and incomplete revascularization compared to the historical OPCAB RCTs, but with the
uncertainty of the feasibility of extrapolating these results to other surgical practice.

CONCLUSIONS

We conclude, from our results, that the use of BIMA in coronary revascularization offers a long-term sur-
vival benefit compared to SIMA, and that the use of BIMA does not increase the rate of postoperative
complications, including deep sternal wound infection.

Excellent outcome can be achieved with OPCAB BIMA in real world practice with adequate patient selection.
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6. TABLES

Table 1. Preoperative characteristics

SIMA BIMA P SIMA matched BIMA matched P

n = 681 n = 342 n = 342 n = 342
Age 69.4 ± 7.7 (38-85) 59.4 ± 9.1 (34-85) 0.001 69.5 ± 7.9 (40-87) 59.4 ± 9.1 (34-85) 0.001
Female 147 (22%) 31 (9%) 0.001 29 (8%) 31 (9%) 0.89
Angina CCS II-III 269 (39%) 117 (34%) 0.1 110 (32%) 117 (34%) 0.63
NYHA III-IV 167 (24%) 60 (17%) 0.01 58 (17%) 60 (17%) 0.92
Hypertension 540 (79%) 230 (67%) 0.001 243 (71%) 230 (67%) 0.32
Diabetes 216 (32%) 73 (21%) 0.001 76 (22%) 73 (21%) 0.85
Hypercholesterolaemia 613 (90%) 301 (88%) 0.33 310 (91%) 301 (88%) 0.32
Family history IHD 405 (59%) 242 (71%) 0.001 201 (59%) 242 (71%) 0.001
Smoking history 451 (66%) 242 (71%) 0.14 221 (65%) 242 (71%) 0.10
Previous MI 378 (55%) 154 (45%) 0.005 172 (50%) 154 (45%) 0.19
Previous PCI 58 (8%) 38 (11%) 0.24 34 (10%) 38 (11%) 0.71
Previous surgery 5 (1%) 2 (1%) 0.72 2 (1%) 2 (1%) 0.99
Atrial fibrillation 42 (6%) 8 (2%) 0.01 6 (2%) 8 (2%) 0.79
COPD 116 (17%) 34 (10%) 0.002 32 (9%) 34 (10%) 0.89
CVA/TIA 71 (10%) 18 (5%) 0.001 18 (5%) 18 (5%) 0.99
Hemodialysis 12 (2%) 2 (1%) 0.13 6 (2%) 2 (1%) 0.29
Carotid disease 34 (5%) 9 (3%) 0.08 8 (2%) 9 (3%) 0.99
PVD 133 (19%) 35 (10%) 0.001 38 (11%) 35 (10%) 0.81
DVT 9 (1%) 3 (1%) 0.53 6 (2%) 9 (3%) 0.62
Varicose veins 124 (18%) 58 (17%) 0.001 56 (16%) 58 (17%) 0.78
Obesity 272 (40%) 151(44%) 0.07 124 (36%) 147 (43%) 0.24
BMI 29.2 ± 4.7 (15-49) 29.2 ± 4.5 (19-65) 0.33 29.69 ± 4.5 (20-49) 29.2 ± 5.5 (19-65) 0.72

Preoperative characteristics in patients who underwent isolated OPCAB using single or bilateral internal
mammary arteries. Results displayed for the non-matched and matched populations. BIMA: Bilateral
Internal Mammary Artery; BMI: Body Mass Index; CCS: Angina Canadian Cardiovascular Society Angina
score; COPD: Chronic Obstructive Pulmonary Disease; CVA: Cerebral vascular accident; DVT: Deep Venous
Thrombosis; IHD: Ischemic Heart Disease; MI: Myocardial Infarct; NYHA: New York Heart Association
Dyspnea Score; PCI: Percutaneous Coronary Intervention; PVD: Peripheral Vascular Disease; SIMA: Single
Internal Mammary Artery; TIA: Transient Ischemic Attack

Table 2. Extent of coronary disease and timing of surgery
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. SIMA BIMA P SIMA matched BIMA matched P

n = 681 n = 342 n = 342 n = 342
LMS 219 (32%) 127 (37%) 0.11 108 (31%) 127 (37%) 0.15
2 VD 114 (17%) 69 (20%) 0.18 63 (18%) 69 (20%) 0.66
3 VD 567 (83%) 273 (80%) 0.18 279 (81%) 273 (80%) 0.66
Good LV 384 (56%) 240 (71%) 0.001 206 (60%) 240 (70%) 0.008
Fair LV 258 (38%) 94 (27%) 0.001 119 (35%) 94 (27%) 0.05
Poor LV 39 (6%) 8 (2%) 0.01 17 (5%) 8 (2%) 0.10
In-house 319 (47%) 141 (41%) 0.05 153 (45%) 141 (41%) 0.44
Emergency 23 (3%) 6 (2%) 0.05 3 (1%) 3 (1%) 0.99
Preoperative IABP 20 (3%) 3 (1%) 0.04 3 (1%) 3 (1%) 0.95
Logistic EuroScore 6.1 ± 8.0 (1 – 61) 4.7 ± 8.5 (1 – 60) 0.43 5.1 ± 7.2 (1 - 53) 4.7 ± 8.5 (1- 60) 0.64

Extent of coronary disease, preoperative ventricular function and timing of the surgery in patients who
underwent isolated OPCAB using single or bilateral internal mammary arteries (BIMA). Results displayed
for the non-matched and matched populations. BIMA: Bilateral Internal Mammary Artery; IABP: Intra-
Aortic Balloon Pump; LMS: Left Main Stem, LV: Left Ventricle; SIMA: Single Internal Mammary Artery;
VD: Vessels Disease.

Table 3. Revascularisation strategy

SIMA BIMA P SIMA matched BIMA matched P

n = 681 n = 342 n = 342 n = 342
Distal anastomosis 3.7 ± 0.8 (1-5) 3.7 ± 0.8 (2-6) 0.11 3.7 ± 0.8 (1-5) 3.6 ± 0.9 (2-6) 0.06
Arterial grafts 1.1 ± 0.3 (1-2) 2.8 ± 0.6 (2-5) 0.001 1.2 ± 0.4 (1-2) 2.8 ± 0.7 (2-5) 0.001
Venous grafts 2.5 ± 0.8 (0-4) 0.8 ± 0.8 (0-3) 0.001 2.5 ± 0.8 (0-4) 0.8 ± 0.8 (0-3) 0.001
SIMA 681 (100%) 0 0.001 262 (100%) 0 0.001
2nd arterial graft (BIMA) 0 342 (100%) 0.001 0 342 (100%) 0.001
3rd arterial graft (BIMA/RADIAL) 0 67 (20%) 0.001 0 67 (20%) 0.001
Total arterial 0 109 (42%) 0.001 0 148 (42%) 0.001
Incomplete revascularisation 3 (1%) 0 0.08 1 (0.3%) 0 0.99

Revascularization strategy in patients who underwent isolated OPCAB using single or bilateral internal
mammary arteries. Results displayed for the non-matched and matched populations. BIMA: Bilateral
Internal Mammary Artery; SIMA: Single Internal Mammary Artery

Table 4. Postoperative complications

SIMA BIMA P SIMA matched BIMA matched P

n = 681 n = 342 n = 342 n = 342
Reoperation for bleeding 17 (2%) 3 (1%) 0.08 9 (3%) 3 (1%) 0.14
Reoperation for DSWI 8 (1%) 3 (1%) 0.67 4 (1%) 3 (1%) 0.99
Postoperative CVA/TIA 9 (1%) 0 0.4 5 (1%) 0 0.07
Postop hemofiltration 33 (5%) 12 (3%) 0.3 9 (3%) 8 (2%) 0.99
Deep sternal wound infection 17 (2%) 8 (2%) 0.9 9 (3%) 8 (2%) 0.76
Atrial fibrillation 157 (23%) 51 (15%) 0.01 78 (23%) 51 (15%) 0.01
Pneumonia/ARDS 15 (2%) 4 (1%) 0.25 8 (2%) 4 (1%) 0.38
Prolonged ventilation/Tracheostomy 8 (1%) 2 (1%) 0.37 5 (1%) 2 (1%) 0.45
Chest infection 62 (9%) 22 (6%) 0.14 31 (9%) 22 (6%) 0.25

10



P
os

te
d

on
A

u
th

or
ea

8
M

ar
20

21
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

gh
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
61

52
20

84
.4

25
64

48
0/

v
1

—
T

h
is

a
p
re

p
ri

n
t

a
n
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

. SIMA BIMA P SIMA matched BIMA matched P

Sepsis 4 (1%) 2 1%) 0.99 3 (1%) 2 (1%) 0.99
Leg wound infection 28 (4%) 2 (1%) 0.9 14 (4%) 2 (1%) 0.005
Pacemaker/ICD insertion 6 (1%) 2 (1%) 0.91 3 (1%) 1 (0.3%) 0.27
GI complications 17 (2%) 5 (2%) 0.02 6 (2%) 5 (1%) 0.99
Hospital mortality 16 (2%) 2 (1%) 0.05 7 (2%) 2 (1%) 0.18

Postoperative complications in patients who underwent isolated OPCAB using single or bilateral internal
mammary arteries. Results displayed for the non-matched and matched populations. ARDS: Acute Res-
piratory Distress Syndrome; BIMA: Bilateral Internal Mammary Artery; CVA: Cerebrovascular Accident;
DSWI: Deep Sternal Wound Infection; GI: Gastrointestinal; ICD: Implantable Cardioverter Defibrillator;
SIMA: Single Internal Mammary Artery; TIA: Transient Ischemic Attack

Table 5. Long-term survival

SIMA BIMA P SIMA matched BIMA matched P

n = 681 n = 342 n = 342 n = 342
Late mortality 162 (24%) 34 (10%) 0.001 72 (21%) 34 (10%) 0.001
One-year mortality 22 (3%) 3 (1%) 0.06 8 (2%) 3 (1%) 0.22
One-year survival 639 (97%) 326 (99%) 0.06 320 (98%) 326 (99%) 0.22
Five-year mortality 82 (17%) 14 (5%) 0.001 40 (16%) 14 (5%) 0.001
Five-year survival 403 (83%) 256 (95%) 0.001 210 (84%) 256 (95%) 0.001

Long-term survival in patients who underwent isolated OPCAB using single or bilateral internal mammary
arteries. Results displayed for the non-matched and matched populations.

BIMA: Bilateral Internal Mammary Artery; SIMA: Single Internal Mammary Artery

Table 6. Follow-up events

SIMA BIMA P SIMA matched BIMA matched P

n = 519 n = 306 n = 263 n = 306
Angina CCS II-III 37 (7%) 29 (9%) 0.06 15 (6%) 29 (9%) 0.06
NYHA III-IV 28 (5%) 9 (3%) 0.23 13 (5%) 9 (3%) 0.45
CVA/TIA 16 (3%) 8 (3%) 0.34 9 (3%) 8 (3%) 0.92
Myocardial infarct 13 (2%) 10 (3%) 0.23 6 (2%) 11 (4%) 0.51
Re-angiogram 35 (7%) 26 (9%) 0.13 13 (5%) 26 (9%) 0.07
Patent grafts 14 (2%) 7 (2%) 0.3 6 (2%) 8 (3%) 0.13
PCI 11 (2%) 10 (3%) 0.13 6 (2%) 11 (4%) 0.4
Missing 1 (0.1%) 32 (10%) 0 32 (10%)

Follow-up events in patients who underwent isolated OPCAB using single or bilateral internal mammary
arteries. Results displayed for the non-matched and matched populations.

BIMA: Bilateral Internal Mammary Artery; CCS: Canadian Cardiovascular Society Angina score; CVA:
Cerebrovascular Accident; NHYA: New York Heart Association Dyspnea score; PCI: Percutaneous Coronary
Intervention; SIMA: Single Internal Mammary Artery; TIA: Transient Ischemic Attack

8. FIGURE LEGENDS
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Figure 1: Kaplan Meier survival curve in patients who underwent isolated OPCAB using single (SIMA) or
bilateral internal mammary arteries (BIMA). Results displayed for the matched populations. The number
of patients at risk at each point is displayed in the table.

Years 2 4 6 8 10

BIMA 313 278 235 169 91
SIMA 303 252 172 107 51

Figure 2: Kaplan Meier survival curve in patients who underwent isolated OPCAB using single (SIMA)
or bilateral internal mammary arteries (BIMA). Results displayed for the non-matched population. The
number of patients at risk at each point is displayed in the table.

Years 2 4 6 8 10

BIMA 304 263 217 155 72
SIMA 574 443 311 180 80
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