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Bilateral internal mammary artery (BIMA) grafts are used for coronary revascularisation by only a minority

of surgeons, despite a growing body of evidence suggesting improved survival when compared to use of

only one internal mammary artery with additional saphenous vein grafts. Herein we review the evidence

supporting revascularisation with BIMA and suggest reasons why the majority of surgeons use only one

internal mammary artery. We discuss technical considerations, various graft combinations and the use of

BIMA to facilitate anaortic off-pump coronary artery bypass (OPCAB).
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“Numerous surgical groups around the world are reaching
the conclusion that complete revascularization with
multiple arterial grafts can be reliably achieved without
cardiopulmonary bypass and often without aortic manipulation.
Whenever feasible, this surgical strategy is most likely to yield
excellent short- and long-term results for coronary artery

bypass surgery patients.”
John Puskas MDD, 2007

The survival benefit provided by a left internal mammary
artery (LIMA) graft to the left anterior descending (LAD)
artery has been acknowledged by clinicians for several
decades (1). Appropriately, the LIMA to LAD graft forms
the backbone of modern day coronary artery surgery
practice. Large observational studies have suggested a
further survival benefit by grafting a second internal
mammary artery (IMA) to the left coronary system (2-4)
(all studies summarized in Table 1). To date, however,
there have been no randomized trials (reporting beyond
1 year of follow-up) comparing the use of a second IMA
with additional saphenous vein grafts. The recently
published ESC/EACTS Guidelines for Coronary Artery
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Revascularisation (9) have recommended the use of a LIMA
to the LAD and arterial grafts to the non-LAD system in
patients with a reasonable life expectancy, with minimization
of aortic manipulation where possible. The use of bilateral
internal mammary arteries (BIMA) makes the adherence to
these recommendations easier. However, the inclusion of a
second internal mammary artery in the grafting regimen of
the majority of surgeons is disappointingly low [4.1% of all
coronary artery bypass grafts (CABG) in the US in 2009 (10),
12% in Europe (11-13) and 12.6% in Australia between
2004-2006] (14).

There are several compelling arguments for the use of
skeletonized BIMA in coronary artery bypass surgery. These
include a survival benefit (2-4,6,7,15), obtaining two conduits
from a single sternotomy therefore reducing morbidity from
other harvest sites, and where possible, providing two in-
flows to the heart without having to perform a proximal
aortic anastomosis. However it has been difficult to convince
the vast majority of surgeons performing coronary artery
bypass surgery of the benefit of the extra effort required
to harvest and use a second IMA. Reasons put forward by
surgeons for not using a second internal mammary include a
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Table 1 Summary of large cohort studies comparing use of bilateral and single internal mammary artery grafts for coronary artery bypass

surgery
N Age Results
Author Year —  Description
BIMA SIMA BIMA SIMA BIMA SIMA
Taggart 1989-1999 4,693 11,269 Meta-analysis of 7 (non- BIMA: HR death
2001 (3) (publication randomized) studies; each 0.81 (95% Cl,
dates) study at least 4 y follow-up 0.70-0.94)
Berreklouw 1985-1990 249 233 Retrospective, consecutive 53.7+8 56.0+8.1 13 yischaemic 13y ischemic
2001 (5) patients; excluded patients event-free event-free
with reoperations, free IMAs, survival 47.5% survival 35.4%
gastroepiploic artery grafts, (£8.4%) (£5.1%)
combined procedures; HR 1.6 (95% Cl,
mean follow-up 10y 1.3-2.3)
Lytle 1971-1989 1,152 1,152  Retrospective, propensity 57.5+ 8.1 57.8+8.3 Survival BIMA: Survival SIMA:
2004 (6) score matched; primary 7 y-89%; 7 y-87%;
isolated CABG, non- 10 y-81%; 10 y-78%;
emergent patients; 15 y-67%; 15 y-58%;
excluded patients 20 y-50%; all 20 y-37%
with other arterial grafts; BIMA vs. SIMA
mean follow-up 16.5 y P<0.0001
Ruttman 2001-2010 277 724 Retrospective, consecutive 56.6+9.6 59.9+7.9 MACCE 1.4%; MACCE 7.6%;
2011 (7) patients; BIMA vs. LIMA/ RR 1.4%; RR 5.2%; MI
RA; primary, non-emergent MI 0.4%. 3.6%
CABG; excluded MI Survival HR 0.23
within 1 week; follow-up (95% Cl, 0.07-
57.7 months 0.81)
Taggart 2004-2007 1,548 1,554  Multicenter RCT; included 63.7+8.7 63.5+9.1 Mortality 1.2%. Mortality 1.2%.
2010 (8) those considered for CABG Sternal wound Sternal wound
with multi-vessel disease; breakdown 1.9% breakdown
excluded patients with 0.6%
evolving MI, single grafts,
re-operations; follow-up 1y
Grau 1994-2010 928 928 Retrospective, propensity  60.9+9 62.1+9 Survival: Survival:
2012 (4) score matched; included all 1y-99%; 1y-99%;
patients undergoing isolated 3 y-96%; 3 y-91%;
CABG; excluded single 10 y-89%; 10 y-79%;
grafts, use of radial artery 15 y-79% 15 y-61%

BIMA, bilateral internal mammary artery; CABG, coronary artery bypass grafting; Cl, confidence interval; HR, hazard ratio; IMA,
internal mammary artery; MACCE, major adverse cardiac and cerebrovascular events; Ml, myocardial infarction; RA, radial artery;

RCT, randomized controlled trial; RR, repeat revascularisation; SIMA, single internal mammary artery

“lack of evidence” for their use, increased sternal morbidity,
increased operative time, and that elderly patients should only
receive vein grafts as they will not obtain the survival benefit
conferred in younger patients. In the following paragraphs
we will attempt to provide evidence-based counter arguments
to these assertions.

Evidence for the efficacy of the use of bilateral, rather
than single, mammary artery grafting comes from large
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observational studies. The Cleveland Clinic has published
observational studies that has established the superiority of
both single (1) and later double internal mammary artery
grafts (2,6) over saphenous vein grafts. A Lancet meta-
analysis from 2001 by Taggart and colleagues, including
over 15,000 patients, demonstrated the survival benefits of
bilateral mammary artery grafting over single mammary
artery grafting as further evidence of the benefits offered
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Figure 1 skeletonized left internal mammary artery, iz situ

by the use of more than one internal mammary artery (3).
Since the publication of this meta-analysis there have been
numerous institutional series (4,7,15) demonstrating the
survival benefit of a second mammary artery. The 1-year
results of the randomized Arterial Revascularization
Therapies Study (ARTS) have recently been published, and
demonstrated similar safety between the use of single and
bilateral IMA (other than a small increase in sternal wound
dehiscence, which is described below). The medium and
long-term data from this trial is eagerly awaited (8).

The rate of sternal dehiscence is increased with use of
BIMA compared to a single IMA. The ARTS trial reported
a 0.6% rate of sternal wound reconstruction for patients
who have a single IMA harvested compared with 1.9% for
those having BIMA. Despite this, there was no difference in
length of hospital stay or quality of life at 12 months. Those
requiring sternal wound reconstruction were more likely to
be diabetic compared with those who did not (8). Female
sex, obesity, and diabetes are risk factors for sternal wound
complications (16,17) while HbAlc has been demonstrated
as a positive predictor (18). Sternal morbidity is reduced if
the IMAs are harvested in a skeletonized fashion and care is
taken not to injure the veins and muscle behind the sternum
(19,20), thus improving sternal perfusion (21,22). The small
increase in the short term risk of sternal wound infection
must be balanced with increased graft patency and survival
in the medium to long term.

Procedural time is necessarily increased when bilateral
IMAs are used as they must be harvested sequentially, rather
than simultaneously as is the case with vein and radial artery
grafts. This is not conducive to (often) time-poor surgeons
pursuing this technique. However, as surgeons become
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more proficient, the procedural time decreases. Taggart and
colleagues demonstrated a 23 minute increase in procedural
time for the inclusion of a second internal mammary artery
in the grafting strategy (8). Our philosophy is that in the
short term, the patient is saved from an extra incision
for alternative conduit harvest, but the increased survival
benefit makes the extra time and effort worthwhile.

Elderly patients can benefit from arterial grafts. Patients >
75 years had better cardiac event-free survival when two
arterial grafts (compared with only one) are used in one
randomized trial, and another observational study (23,24).
The use of BIMA grafts in the elderly means that more
often than not, the entire procedure can be conducted
via a sternotomy, sparing the legs and arms to facilitate
more rapid mobilization and return to normal function by
reducing extremity harvest site wound morbidity. Elderly
patients often have sub-optimal venous conduit due to
varicosities and calcification (25), which may be prone to
early occlusion. The IMAs, in contrast, are often large
with slightly thickened walls, facilitating easy harvest and
manipulation during coronary bypass surgery. The use of
vein grafts usually requires aortic in-flow (although we do
use IMA/vein composite grafts) and that must be obtained
using some degree of aortic manipulation. This exposes
the patient to the inherent risk of athero-emboli and
(albeit small) risk of iatrogenic type A dissection. We use
a Maquet “Heart-String” device should an aorto-coronary
anastomosis be absolutely necessary.

Technical considerations and surgical technique

All patients have bilateral carotid and subclavian artery
duplex scans to assess concomitant peripheral vascular
disease and the suitability of the IMAs for in-flow.
Occasionally, patients require subclavian stenting prior
to surgery. Patients have a low-dose Milrinone infusion
(0.2 pg/kg/min) commenced at the beginning of the
procedure to assist with vasodilatation of the arterial grafts.
Both internal mammary arteries are harvested using
a completely skeletonized technique (Figure 1). This
minimizes chest wall trauma, achieves maximum length,
and makes constructing the “T” graft and performing
subsequent sequential grafting easier. The IMA is exposed
by pushing the pleura laterally using either blunt and sharp
diathermy dissection or a blunt dissection with a small
gauze swab. Where possible, the pleural curtain is left
intact. If this is not possible then the majority of the pleura
is left intact to prevent pleural adhesions and the lungs from
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becoming adherent to the posterior sternal table in the
event that reoperation is required.

Diathermy is used on low-power (coagulation 20 or
less) with long, fine-tipped forceps (Dietrich’s). The endo-
thoracic fascia is carefully incised directly below and along
the length of the IMA. Some surgeons may prefer to use
the harmonic scalpel for mammary harvesting. Either way,
the low energy delivery and minimal handling technique is
desirable for the prevention of injury including avulsion of
small branches, dissection and arterial spasm. The medial
internal mammary vein is identified at the subclavian vein
and, if necessary, divided after double ligation on both sides.
This often improves the final length and lie of the IMA and
makes proximal harvest safer and easier. It is important to
expose the superior aspect of the subclavian vein proximally
and sweep this down to provide adequate exposure of the
proximal IMA. The soft tissue between the undersurface of
the strap (sternothyroid) muscles and the thymic remnant
is divided to expose the subclavian vein. This allows the
identification and division of the most proximal branches
of the IMA, thus preventing proximal steal syndrome.
Staying close to the IMA at the proximal extent may
also reduce the incidence of inadvertent injury to the
phrenic nerve. Harvesting both internal mammary arteries
obviously exposes the patient to the rare, but devastating
complications of bilateral phrenic nerve injury.

The IMA is then harvested using a combination of blunt
and sharp diathermy dissection dividing branches with
scissors after clipping both sides. Reducing the ventilatory
tidal volumes or a brief period of apnea when harvesting
the proximal IMA can make harvesting easier, quicker and
safer. The IMA is harvested proximally from above the left
subclavian vein to its bifurcation, while ensuring that all
major branches are divided. The IMA is divided distally
after systemic heparinization and then sprayed liberally
with papaverine solution before being wrapped in a warm,
papaverine soaked gauze. If the RIMA is to be used as the
side arm for a “I"” graft, then it is divided proximally and
distally after heparinization. The proximal end is prepared
for the graft with a short slit made with fine scissors on
the under-surface of the vessel which is then soaked in
heparinized blood containing 5 mg of Verapamil until use.

Graft combinations

Both IMAs are left un-italicise and a final assessment is
made before committing to the final grafting strategy. The
heart and target coronary arteries are inspected and the
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IMA caliber and length is assessed. For patients requiring
left-sided grafts we use BIMA, either in situ (using RIMA
to LAD; LIMA to lateral wall) or as a “I"” graft (LIMA
to LAD; RIMA to lateral wall). In our experience there
is usually insufficient length for the RIMA to reach the
inferior wall target vessels as a free graft from the in situ
LIMA. If patients require all three territories grafted we
prefer using a RIMA/radial extension graft (radial artery
also skeletonized) via the transverse sinus to the lateral and
inferior walls and a LIMA to the LAD (and diagonal if
required). An alternative to this strategy is using a LIMA/
RIMA “T” graft to the left system with a RIMA/radial
extension graft to the inferior wall. In the rare event that
the radial artery is not usable, a reversed long saphenous
vein graft may be used to extend the RIMA and brought
either over the aorta to the lateral wall or down the right
side of the heart to the inferior wall (Figure 2). The use
of two IMAs for all patients is obviously ideal, but we do
use a LIMA/radial “T” graft for very elderly or morbidly
obese patients requiring three vessel revascularizations, thus
reducing operative times and potential morbidity.

Preparation of the composite LIMA/RIMA “T”
graft and composite grafts

The IMAs must be brought into the pericardium without
being damaged or kinked. The pericardium is kept intact
and the thymus is dissected free from below, along the
length of the aortic arch (left) and the superior vena cava
(right) to provide a reliable and reproducible passage for the
IMA to be brought into the pericardium (Figure 3).

The pulmonary valve is the ideal position for the “T”
graft. It provides a consistent point of reference when
constructing the graft and importantly it maintains the
straight lie of the LIMA to LAD graft, thus preventing
kinking. The LIMA is gently pulled out to length within
the retrothymic tunnel (Figure 3). Care must be taken to
avoid excessive traction resulting in the avulsion of clips
from arterial side-branches, which may cause bleeding or a
localized dissection resulting in a loss of in-flow to the graft.
It is important to carefully check the lie of the LIMA before
the position of the “T” graft anastomosis is chosen. If there
is too much length behind the thymus then there is a risk
that the in-flow portion of the LIMA graft may kink.

If an in situ RIMA is to be used then the thymic fat is
mobilized from the pericardium over the ascending aorta
and over the superior vena cava. A generous tunnel is made
to bring the RIMA into the pericardium. It is important to
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Figure 2 (A) vein graft extension of LIMA graft; and (B) a patient with an arteriovenous fistula where the LIMA was unavailable for use. A
short piece of vein is used to extend the RIMA and a vein T-graft has been performed on the medial aspect of the RIMA

Figure 3 (A) development of the thymic tunnel; and, (B) thymic tunnel with 7z situ LIMA running through

divide the pericardium vertically at the superior vena cava over the pericardium. This is especially important when
and extend this inferiorly to mobilize the pericardium at the passing a RIMA/radial composite graft via the transverse
cavo-atrial junction to remove any risk of the RIMA kinking sinus to the left-side of the heart, or via the right-side of the
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Figure 4 (A) preparation of T-graft anastomosis of free RIMA to iz situ LIMA, at the level of the pulmonary artery; and (B) this anastomosis

taking place

heart to the inferior wall.

A cradle is made with a medium dry sponge and a folded
wet sponge, suspended over the heart with artery clips.
This allows optimal conditions for the careful fashioning
of the “I” and composite grafts (Figure 4). All arterial
anastomoses are performed using Ethicon® “flat-pack”
60 cm 7/0 Prolene with an 8.0 mm needle. This allows
maximum flexibility for parachuting anastomoses with
the benefit of minimal “memory” in the suture and the
advantages of a smaller, sharper needle without the difficulty
associated with 8/0 Prolene (ease of fracture, tangles etc.).
The “I” anastomosis is performed on the superior aspect
of the LIMA with the flow controlled proximally with a
soft bull-dog clamp. The anastomosis is tightened and tied
down after release of the bull-dog clamp. This allows one
to maximize anastomosis tension in order to prevent leaks
without causing “purse-stringing”. The composite graft
anastomoses are performed in a beveled end-to-end fashion
to deal with any size mismatch. In the event that a vein graft
is used to extend an IMA (usually significant size mismatch)
then a side-to-side anastomosis is performed with the ends
of the grafts double-clipped with a medium liga-clip. If
there is any residual vasospasm the grafts are flushed with
heparinized/verapamil blood via the radial artery and the
outside spayed with papaverine solution. Care is taken to
release any soft-tissue bands across the arterial grafts with a
number 11 scalpel blade.

Considerations and concerns when using “T”

grafts

There is some concern when using “T” grafts of the
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potential implications of losing the LIMA to LAD
component of the graft as a consequence of native
circulation competitive flow. This obviously removes the
significant benefit that a patent LIMA to LAD affords a
patient in terms of survival and freedom from major adverse
and cardiovascular events (MACCE). Early graft failure
is often related to technical mistakes when constructing
the “T” graft or the distal anastomosis and care must be
taken when performing this anastomosis. Later failure is
often related to competitive flow, either in the LAD or
from the other target arteries, or to intimal hyperplasia
or progression of native coronary artery disease. This
reinforces the need to objectively assess lesions prior to
making decisions on grafting strategies. Nonetheless, there
is both randomized (23,26) and observational evidence
(27-30) that composite grafting does not compromise graft
patency or survival.

Another concern expressed by some surgeons is that a single
IMA in-flow is insufficient for total cardiac revascularization.
However, the internal mammary artery is usually significantly
larger than the left main coronary artery, and this supplies the
vast majority of the heart. The LIMA also has the capacity
to dilate according to demand and this occurs shortly after
grafting and further improves over time (31,32).

BIMA facilitates anaortic off-pump coronary
artery bypass (OPCAB)

The coronary grafting strategy we have adopted is one of
total arterial, anaortic, off-pump surgery utilizing BIMA in
the vast majority of patients (33). The use of bilateral in situ
or composite graft IMAs has made this approach technically
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straightforward. The most important benefit of avoiding
aortic manipulation is the significant improvement in the
rate of stroke, 0.29% in a recent meta-analysis (34,35), to a
rate that is comparable to that of PCI (36). Indeed, BIMA
grafting, even when performed on-pump, has been shown
to decrease the rate of stroke by decreasing the rate of aortic
manipulation (7).

Conclusions

A second internal mammary artery, and indeed a second
arterial graft, has been shown to provide a survival benefit
and freedom from MACCE in patients undergoing
coronary artery bypass surgery. Using BIMA and total
arterial grafting is potentially more time consuming and
technically more difficult, but this is surely justified by
improved patient outcomes.
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