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Introduction

Many authors have already clearly
demonstrated that the left internal mamma-
ry artery (LIMA) provides better angio-
graphic and clinical results than saphenous
vein graft (SVG)1-3. The superiority of dou-
ble mammary artery over single mammary
artery has been uncertain for a long time4-7,
since the end of the 90’s, when a higher
freedom from death8,9, cardiac death10 and
cardiac-related events10,11 in case of bilater-
al internal mammary artery (BIMA) graft-
ing were reported.

We have recently demonstrated12 that
BIMA grafting in patients < 75 years un-
dergoing first myocardial revascularization
reduces the incidence of cardiac-related
events if compared with single LIMA and
SVG. Moreover, we reported a trend to-
ward a better survival and event-free sur-
vival in these patients, even if the statistical
significance was not achieved.

The aim of this study was to analyze
early and late clinical results of BIMA,
with or without SVGs, compared to LIMA
and SVGs, in patients < 70 years undergo-
ing first coronary artery bypass grafting
(CABG), in order to evaluate whether BI-
MA grafting may improve, in this subset of
patients, not only freedom from cardiac
events, but also survival and event-free sur-
vival.

Methods

From September 1986 to December
1999, 1389 patients < 70 years underwent
first CABG of the LIMA to the left anteri-
or descending artery (LAD) and SVGs (n =
480) or BIMA, with or without SVG (n =
909). Propensity score analysis was used to
select 952 patients (68.5%), matching each
LIMA + SVGs with a BIMA with or with-
out SVGs with the nearest propensity
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Background. We evaluated the early and late outcomes of bilateral internal mammary artery
(BIMA) grafting, with or without saphenous vein grafts (SVGs), compared to single internal mam-
mary artery and SVGs in patients < 70 years undergoing first myocardial revascularization.

Methods. From September 1986 to December 1999, 1389 patients underwent first myocardial
revascularization using the left internal mammary artery (LIMA) to the left anterior descending
artery and SVGs (n = 480) or BIMA (one internal mammary artery on the left anterior descending
artery) with or without SVGs (n = 909). Propensity score analysis was used to select 952 (476 of each
group) patients with the same preoperative and operative characteristics. Thirty-day outcome and 10-
year freedom from all-cause death, cardiac death, acute myocardial infarction (AMI), AMI in a graft-
ed area, redo/percutaneous transluminal coronary angioplasty (PTCA), redo/PTCA in a grafted
artery, cardiac events and any events, were evaluated. Follow-up ranged from 3.5 to 16.8 years (mean
8.8 ± 4.0 years). 

Results. Thirty-day mortality was 2.9% in the LIMA group and 1.9% in the BIMA group, p = NS;
the BIMA group showed a better 10-year freedom from all-cause death (92.4 ± 2.1 vs 87.5 ± 3.5%, p =
0.0216), cardiac death (97.4 ± 0.9 vs 91.9 ± 1.4%, p = 0.0042), AMI (98.7 ± 0.5 vs 94.2 ± 1.2%, p =
0.0034), AMI in a grafted area (98.9 ± 0.5 vs 94.7 ± 1.3%, p = 0.0017), cardiac events (95.4 ± 1.2 vs 86.8
± 1.8%, p = 0.0026) and any events (88.8 ± 2.2 vs 80.7 ± 2.1%, p = 0.0124). Cox analysis confirmed that
LIMA + SVGs was a risk factor independent of lower freedom from all the above-mentioned events.

Conclusions. Double mammary artery in patients < 70 years who had a first time myocardial
revascularization gives a better clinical outcome even 10 years after the operation.
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score. Two groups of patients (LIMA and BIMA
groups), each including 476 patients, were obtained
(goodness of fit �2 = 4.6, df = 8, p = 0.80). The preop-
erative characteristics of the patients included in the
study are shown in table I.

Patient selection. All the patients included in the study
were suitable for single LIMA or BIMA grafting. In the
first part of our experience the use of BIMA grafting
was limited to patients with morbid obesity, diabetes
and chronic obstructive pulmonary disease. When the
internal mammary artery skeletonization was intro-
duced in 1994, the BIMA grafting was used in these pa-
tients as well. LIMA or BIMA grafting was mainly de-
cided according to the surgeon’s practice or experience.
Allocation to off-pump surgery was depending on the
skill of the surgeon responsible for the operation.

Surgical technique. A cardiopulmonary bypass was
used in 706 patients (323, 67.9% in the BIMA group vs
383, 80.5% in the LIMA group, p < 0.001). It was
avoided in 246 patients.

On-pump procedure. In every case a median sternoto-
my was used. A cardiopulmonary bypass was instituted
by the cannulation of the ascending aorta and the right
atrium. Myocardial protection was achieved with a cold
crystalloid in 181 cases, intermittent antegrade cold
blood in 97 cases, and intermittent antegrade warm
blood in the remaining 42813. In on-pump patients
proximal SVG anastomoses were performed using a
side clamp in 259 cases and during a single cross-
clamping time in the remaining 222.

Off-pump procedure. The method of exposure of the tar-
get coronary vessel and of stabilization had already been
reported14. In recent years, an apical suction was used to

expose in particular the lateral and the inferior walls
(XposeTM, Guidant Corporation, Cupertino, CA, USA).
When the coronary artery was exposed, stabilization
was achieved with a pressure (Acces UltimaTM System,
Guidant Corporation) or suction (Axius Vacuum 2TM

System, Guidant Corporation) stabilizer. The target ves-
sel was occluded with a 4/0 prolene, passed on a small
piece of silicone tubing and then gently snared.

Clinical data collection, monitoring and definition.
A set of perioperative data have been prospectively col-
lected for all patients undergoing CABG at our institu-
tion. The following data were recorded and defined.

Mortality included all-cause death. Cardiac mortal-
ity included death due to cardiac causes and sudden
deaths. A cerebrovascular accident was defined as a
global or focal neurological deficit, diagnosed by a
neurologist and confirmed by a brain computed tomo-
graphic scan. Acute myocardial infarction (AMI) was
defined as an enzymatic elevation, electrocardiograph-
ic signs of necrosis, new akinetic segment(s) at the
echocardiogram, ventricular arrhythmias non-K+-relat-
ed. During follow-up the possibility that an AMI oc-
curred in the grafted area was considered. Early major
events were defined as the sum of all-cause death, cere-
brovascular accidents, AMI, low-output syndrome
(need for intra-aortic balloon pump and/or inotropic
drugs > 12 hours), need for mechanical ventilation > 24
hours, acute renal failure (postoperative blood creati-
nine ≥ 2.0 mg%, if the preoperative value was normal
[≤ 1.5 mg%], or 1 mg higher if pathologic) and gas-
trointestinal complications. Early negative primary
endpoints were defined as the sum of all-cause death,
AMI and cerebrovascular accidents. Redo/percuta-
neous transluminal coronary angioplasty (PTCA) was
defined as any intervention in any territory or in the
grafted area; cardiac events as cardiac deaths, AMI in a
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Table I. Preoperative characteristics.

BIMA group LIMA group p
(n = 476) (n = 476)

Age (years) 59.1 ± 7.6 58.8 ± 8.1 NS
Female gender 87 (18.3%) 69 (14.5%) NS
Urgency 131 (27.5%) 148 (31.1%) NS
Diabetes 111 (23.3%) 106 (22.3%) NS
Extracardiac vasculopathy 93 (19.5%) 90 (18.9%) NS
Preoperative AMI 241 (50.6%) 219 (46.0%) NS
Unstable angina 165 (36.1%) 155 (32.6%) NS
CRF (creatinine ≥ 2 mg%) 9 (1.9%) 9 (1.9%) NS
COPD 12 (2.5%) 10 (2.1%) NS
EF (%) 59.7 ± 12.8 60.0 ± 13.6 NS
EF ≤ 35% 20 (4.2%) 24 (5.0%) NS
Two-vessel disease 154 (32.4%) 172 (36.1%) NS
Three-vessel disease 322 (67.6%) 304 (63.9%) NS
Log EuroSCORE 3.5 ± 4.3 3.6 ± 4.5 NS

AMI = acute myocardial infarction; BIMA = bilateral internal mammary artery; COPD  = chronic obstructive pulmonary disease; CRF
= chronic renal failure; EF = ejection fraction;  LIMA = left internal mammary artery.



grafted area and redo/PTCA in a grafted area; any event
as all-cause death, AMI in any territory, redo/PTCA in
any territory. 

Follow-up. All the patients were followed up in our
outpatient clinic 3, 6 and 12 months after surgery and
thereafter at yearly intervals. The more recent informa-
tion was obtained calling the patient or the referring
cardiologist. Follow-up was 100% complete; deadline
was fixed on June 30, 2004.

Statistical analysis. Results are expressed as means 
± SD. Statistical analysis comparing the two groups
was performed with unpaired two-tailed Student t-test
for the means or the �2 test for categorical variables.
Stepwise logistic regression was used to create a mod-
el to calculate saturated propensity score (the probabil-
ity to be selected for LIMA + SVG given a set of pre-
operative risk factors already reported15). The perfor-
mance of model was evaluated using the Hosmer and
Lemeshow goodness-of-fit statistical and residual
analysis (0.83). Each LIMA + SVGs patient was
matched with the BIMA with or without SVGs patient
with the closest propensity score. Variables included in
the propensity score model are shown in table II. Step-
wise logistic regression was used to select the indepen-
dent variables that could predict the endpoints of this
study and included all the univariate variables with a p
value ≤ 0.2. In the final regression model independent
variables were expressed as odds ratios with the 95%
confidence limit; the related p values were also report-
ed. Stepwise logistic regression was used to identify the
independent predictors of early events. Actuarial curves
were obtained with the Kaplan-Meier method. The sta-
tistical significance was calculated with the log-rank
test. Cox analysis was used to evaluate the independent
risk factors for reduced late events. In the Cox analysis
model independent variables were expressed as hazard
ratio (HR) and related p values. The SPSS software

(Chicago, IL, USA) was used: p values ≤ 0.05 were
considered as statistically significant.

Results

The mean number of anastomoses performed per
patient was 2.8 ± 0.9, exactly the same in both groups.
At least a sequential graft was performed in 300 cases
(163, 34.2% in the BIMA vs 137, 28.8% in the LIMA
group, p = NS). In the LIMA group the internal mam-
mary artery was anastomosed always to the LAD, in 47
cases sequentially with the diagonal artery. In the
BIMA group an internal mammary artery (left in 244
cases, 51.3%, and right in 232 cases, 48.7%) was al-
ways anastomosed to the LAD, whereas the diagonal
was grafted as sequential anastomoses in 68 cases
(14.2%). The remaining internal mammary artery was
grafted to the lateral wall in 410 patients (86.1%) and to
the right coronary artery system in the remaining 66
(13.8%). BIMAs were in situ in 367 cases (77.1%) and
as a Y graft in 109 cases (22.9%); in 329 cases (69.1%)
no veins were used.

The two groups presented with a similar thirty-day
outcome (Table III). Multivariate analysis did not show
that LIMA + SVGs was a risk factor for any of the ex-
plored early events.

The mean follow-up of the survivors was 8.8 ± 4.0
years (4.5-17.8 years), 9.1 ± 4.5 years for the LIMA
group and 8.6 ± 4.8 years for the BIMA group (p = NS).

Ten years after the operation 55 deaths occurred: 37
in the LIMA and 18 in the BIMA group; 28 deaths were
due to cardiac causes (21 vs 7, respectively in the two
groups); 19 patients had an AMI (15 vs 4), 18 in the
grafted area (14 vs 4); 38 patients had a redo/PTCA (22
vs 16), 22 in the grafted area (14 vs 8); 53 patients had
a cardiac event (37 vs 16) and 96 had any event (62 vs
34). Cox analysis confirmed that the use of LIMA and
SVGs was an independent predictor of lower freedom
from all-cause death (HR 1.7, p = 0.0237), cardiac
death (HR 2.5, p = 0.0058), AMI (HR 3.5, p = 0.0060),
AMI in a grafted area (HR 4.2, p = 0.0038), cardiac
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Table II. Variables included in the propensity score model.

B p

COPD -0.1345 0.5936
No. anastomoses 0.0075 0.9312
Diabetes -0.0135 0.8002
Extracardiac vasculopathy -0.0099 0.8712
EF ≤ 35% -0.1476 0.5799
Female gender 0.1123 0.4312
Urgency 0.4995 0.0039
Age 0.0061 0.7112
CHF 0.1949 0.3345
CRF 0.0183 0.8765
Previous AMI -0.2001 0.0477
Unstable angina -0.1856 0.2222

AMI = acute myocardial infarction; CHF = chronic heart failure;
COPD = chronic obstructive pulmonary disease; EF = ejection
fraction; CRF = chronic renal failure.

Table III. Postoperative results.

BIMA group LIMA group p
(n = 476) (n = 476)

Deaths 9 (1.9%) 14 (2.9) NS
Cardiac deaths 5 (1.1%) 12 (2.5%) NS
AMI 1 (0.5%) 6 (1.3%) NS
Non-fatal AMI 0 2 (0.4%) NS
CVA 2 (0.4%) 5 (1.1%) NS
Early negative primary
endpoints 10 (2.1%) 19 (4.0%) NS
Early major events 22 (4.6%) 28 (5.9%) NS

AMI = acute myocardial infarction; BIMA = bilateral internal
mammary artery; CVA = cerebrovascular accidents; LIMA = left
internal mammary artery.



events (HR 2.2, p = 0.0033) and any event (HR = 1.6, 
p = 0.0135). Freedom from redo/PTCA in any or in a
grafted area resulted similar in both groups. The curves
related to these events are reported in figures 1-8.

Discussion

In the mid 80’s important retrospective studies
demonstrated that the use of the LIMA to the LAD pro-
vided better clinical and angiographic results than the
use of a SVG1,3, due to a more prevalent and serious
intimal hyperplasia in saphenous veins than in the
LIMA16.

Therefore, the possibility that adding another arter-
ial conduit to the LIMA might have been even better
than using a single internal mammary artery was con-
sidered. For its histological and physiological charac-

M Di Mauro et al - Double mammary artery in patients younger than 70 years

393

Figure 5. Ten-year freedom from redo/percutaneous transluminal coro-
nary angioplasty in the bilateral internal mammary artery (solid line)
and the left internal mammary artery (dashed line) groups.

Figure 4. Ten-year freedom from acute myocardial infarction in a graft-
ed area in the bilateral internal mammary artery (solid line) and the left
internal mammary artery (dashed line) groups.

Figure 3. Ten-year freedom from acute myocardial infarction in the bi-
lateral internal mammary artery (solid line) and the left internal mam-
mary artery (dashed line) groups.

Figure 2. Ten-year freedom from cardiac death in the bilateral internal
mammary artery (solid line) and the left internal mammary artery
(dashed line) groups.

Figure 1. Ten-year freedom from all-cause death in the bilateral internal
mammary artery (solid line) and the left internal mammary artery
(dashed line) groups.



teristics, similar to those of LIMA9,17-19, right internal
mammary artery represented the first choice.

Initially, many surgeons appeared skeptical, ad-
dressing to the BIMA grafting the responsibility of in-
creasing deep sternal wound complications, especially
in diabetic patients20,21. However, the routine use of
skeletonized internal mammary artery22-25 was shown
to lower the risk of sternal wounds, even in diabetic pa-
tients who receive BIMA grafting. 

Although the first experiences were unable to
demonstrate any advantage of BIMA over LIMA4-7

grafting, more recently several studies have clearly
demonstrated a better long-term outcome in patients
undergoing myocardial revascularization grafting both
mammary arteries rather than the single internal mam-
mary artery8-12,26.

Overall survival. In 1999, the Cleveland Clinic group8

reported the long-term results of 2001 patients who re-
ceived BIMA with or without an additional SVG com-
pared to those of 8123 patients who had a single inter-
nal mammary artery and at least a SVG, operated on
from 1971 to 1989. The BIMA group patients present-
ed with a survival rate of 94, 84, and 67% vs 92, 79, and
64% in the single internal mammary artery group, 5, 10,
and 15 years after surgery, respectively (p < .001); a
better survival and a lower incidence of repeat revascu-
larization even 15 years after surgery. These findings
have been more recently confirmed by the same group,
at 20 years (50 vs 37%, p < 0.001)26.

Cardiac death and cardiac events. Pick et al.10 report-
ed a higher 10-year freedom from cardiac deaths (93 vs
85%, p = 0.016) or cardiac events (66 vs 38%, p < 0.001)
in patients who received BIMA grafting to the left coro-
nary system than in patient with LIMA to LAD and SVG
to the lateral wall. Furthermore, the risk of late AMI was
19% in the latter group, significantly higher than in the
BIMA group (7%; p = 0.019; risk ratio 3.39). A multi-
variate analysis confirmed that the use of a single inter-
nal mammary artery may be considered a predictor of
late AMI (HR 2.9) or angina recurrence (HR 2.5).

These findings have been confirmed by Barreklouw
et al.11, who reported a 13-year ischemic event-free sur-
vival (death, recurrent angina, new myocardial infarc-
tion, or coronary reinterventions) significantly higher
in patients revascularized with BIMA than with single
internal mammary artery, at both univariate (47.5 vs
35.4%, p < 0.001) and multivariate analysis (HR 1.6,
p = 0.0005).

Reoperations. Endo et al.27 reported a 7-year repeated-
CABG free rate significantly lower in case of single in-
ternal mammary artery than in BIMA grafting (p =
0.0256).

Burfeind et al.28 analyzed 1067 consecutive patients
undergoing isolated myocardial revascularization from
1984 to 1987. They concluded that at 15-year follow-
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Figure 8. Ten-year freedom from any event in the bilateral internal mam-
mary artery (solid line) and the left internal mammary artery (dashed
line) groups.

Figure 7. Ten-year freedom from cardiac events in the bilateral internal
mammary artery (solid line) and the left internal mammary artery
(dashed line) groups.

Figure 6. Ten-year freedom from redo/percutaneous transluminal coro-
nary angioplasty in a grafted area in the bilateral internal mammary
artery (solid line) and the left internal mammary artery (dashed line)
groups.



up, multiple internal mammary artery grafting was as-
sociated with a 19.2% adjusted risk reduction in death,
cardiac events, caused by decreases in all adverse
events and fewer reoperations.

In a previous study12 we analyzed long-term clinical
results of BIMA with or without SVGs compared to
those of LIMA and SVGs. The two groups were select-
ed by means of propensity score and sample matching
in order to obtain similar preoperative and operative
characteristics. We concluded that, in a surgical popu-
lation < 75 years who undergoes first myocardial revas-
cularization, BIMA grafting was related to a signifi-
cantly higher freedom from cardiac events, both at uni-
variate and multivariate analysis. Moreover, we found a
strong trend toward a better survival and event-free sur-
vival in these patients. So, herein, we evaluated the
same long-term events, but in a younger population
(< 70 years). 

The results of the present study not only confirmed
our previous findings, but also showed that BIMA graft-
ing can play an important protective role for long-term
survival (HR 1.7) and event-free survival (HR 1.6). 

In conclusion, double mammary artery grafting in
patients < 70 years who had first time CABG gives a
better clinical outcome even 10 years after surgery. We
think that in this vast portion of patients, BIMA graft-
ing has to be mandatory, especially when life expectan-
cy is > 10 years.
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