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Introduction

Since the early 1980s, the internal mam-
mary artery (IMA) used as a coronary bypass
graft, has proven to be superior to saphenous
vein grafts as for long-term angiographic
patency. Moreover, several clinical studies
have demonstrated an improved long-term
survival, a decreased incidence of cardiac
events and a low need for repeated revascu-
larization in patients receiving an IMA and
especially the left IMA (LIMA) anasto-
mosed to the left anterior descending coro-
nary artery (LAD)1-3. In order to further im-
prove long-term outcome of patients under-
going coronary surgery, it seemed reasonable
to use also the right IMA (RIMA) as a by-
pass graft. Although single LIMA and bi-
lateral IMA grafting strategies date to the
same period, many investigations failed to
prove a clear clinical advantage from the
use of both IMAs4-8. This initial uncertain-
ty was probably due to the non-homogene-
ity in the selection of patients receiving bi-

lateral versus single IMA grafts and the need
of at least a 10-year long follow-up to detect
significant differences.

In a recent study Sergeant et al.9 report-
ed a 50% reduction in the incidence of my-
ocardial infarction by arterial revascular-
ization. However, the interpretation of these
findings is not straightforward because the
study covered a long period of time during
which the institutional policy about arterial
grafting changed.

A more recent study of the Cleveland
Clinic group10 has demonstrated the advan-
tage of bilateral IMA grafting. In their study,
the authors demonstrated that bilateral IMA
grafting compared to single IMA grafting
was an independent predictor of lower rates
of recurrence of angina, late myocardial in-
farction and any cardiac events, including the
need for repeated revascularization.

Thus complete arterial revascularization
in patients with three-vessel disease became
an attractive technique, and several surgical
strategies using IMAs, alone or in conjunc-
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Background. Bilateral internal mammary artery (IMA) grafting is associated with an improved long-
term survival, low rates of recurrence of angina and late myocardial infarction. This suggested the use-
fulness of a complete arterial revascularization in patients with three-vessel disease using IMAs in con-
junction with other arterial conduits.

Methods. Between September 1989 and September 1999, 1052 patients underwent myocardial
revascularization with the use of the gastroepiploic artery and one or two IMAs. Among them 561 pa-
tients with three-vessel disease underwent myocardial revascularization with the use of the gas-
troepiploic artery and both the IMAs. In this report the operative results up to hospital discharge ob-
tained in the first 500 patients were considered. In total 1850 anastomoses were performed using 1500
arterial grafts; a mean number of 3.7 anastomoses per patient and 1.2 anastomoses per graft were per-
formed. 

Results. Twelve patients (2.4%) died during hospitalization. Perioperative myocardial infarction
developed in 12 patients (2.4%). Twenty patients (4%) required temporary support with intra-aortic
balloon pump. Repeat thoracotomy for bleeding was required in 33 patients (6.6%). Four patients (0.8%)
developed mediastinitis and 4 (0.8%) aseptic sternal dehiscence. Gastrointestinal bleeding occurred
in 3 patients (0.6%) and was treated conservatively, cerebrovascular accidents in 4 (0.8%), and abdominal
wound herniation in 5 (1%). 

Conclusions. According to our experience, systematic total arterial revascularization is feasible with
a low complication rate and may contribute to the improvement of long-term outcome.

(Ital Heart J 2000; 1 (9): 621-627)
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tion with other arterial conduits, such as the right gas-
troepiploic artery (GEA), the radial artery or the infe-
rior epigastric artery (IEA), were developed.

Methods

Until the middle 1980s at the Groningen University
Hospital (The Netherlands) the graft of choice was the
saphenous vein. As soon as the superiority of the IMA over
venous graft was demonstrated, we changed our policy
introducing initially the LIMA in conjunction with venous
grafts, then both IMAs and GEA or radial artery. The trend
of increasing use of arterial grafts is shown in figure 1.

The grafting strategy is oriented toward total arter-
ial revascularization to reduce as much as possible the
use of venous grafts.

As for the choice of the grafts the policy is to use,
whenever possible, in situ grafts to avoid the need for
proximal anastomosis. Due to this reason the GEA is the
graft of choice to revascularize the inferior cardiac wall.

The use of arterial grafts was tailored to each patient
according to biological age and life expectancy. We
considered every patient < 65 years, regardless of the
number of diseased coronary vessels, suitable for total
arterial revascularization. In patients > 65 years we
used the LIMA combined with a vein graft but we did
not consider old age as an absolute contraindication to
complete arterial grafting.

Apart from age, diabetes mellitus, severe obesity,
chronic obstructive pulmonary disease, previous ab-
dominal surgery, availability of venous grafts in old pa-
tients were considered. The presence of these factors,
alone or in combination, represented a contraindica-

tion to utilize certain arterial conduits. The presence of
chronic obstructive pulmonary disease, insulin-dependent
diabetes mellitus, often associated with severe obesity,
was considered as a risk factor for sternal dehiscence and
therefore a contraindication to bilateral mammary artery
harvesting. Previous upper abdominal surgery was con-
sidered a contraindication for the use of GEA and a
positive Allen test a contraindication to radial artery
harvesting. The presence of varicose veins was an indi-
cation to total arterial grafting also in old patients.

Patients. Between September 1989 and September 1999,
out of total 8882 patients undergoing coronary surgery,
1052 patients underwent myocardial revascularization
with the use of the GEA and 1 or 2 IMAs. Among them
561 patients with three-vessel disease underwent my-
ocardial revascularization with the use of the GEA and
both the IMAs. For our purpose the data regarding the
first 500 patients were analyzed.

Patient characteristics are summarized in table I.

Surgical technique. All the operations were performed
through median sternotomy. Internal thoracic arteries
(ITAs) were harvested with both accompanying veins and
surrounding by means of electrocautery. The harvesting
began as cranially as possible and proceeded distally by
bluntly separating the pedicle from the chest wall, cau-
terizing the arterial and venous branches. The endotho-
racic fascia was cut with the cautery. The dissection
was completed from the thoracic inlet to the superior epi-
gastric and musculophrenic branches. Each ITA was di-
lated by intraluminal administration of diluted papaver-
ine and subsequently occluded distally with a small vas-
cular clamp. The LIMA entered the pericardium through

Figure 1. Time trends of the use of arterial grafts in coronary artery surgery at the University Hospital of Groningen (The Netherlands) from 1988 to
1998. Vein = coronary artery bypass graft with venous grafts only; IMA/Vein = coronary artery bypass graft with one internal mammary artery and ve-
nous grafts; IMAs = coronary artery bypass graft with one or two internal mammary arteries; GEA = coronary artery bypass graft with one or two in-
ternal mammary arteries and the gastroepiploic artery; RA = coronary artery bypass graft with one or two internal mammary arteries and the radial
artery. In the groups IMAs, GEA and RA only arterial grafts were employed.
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a fenestration in the pericardium properly made exact-
ly in front of its division from the subclavian artery; this
fashion avoids every tension of the pedicle due to the left
lung physiological movement even in patients with
pathologically increased lung volume. The RIMA enters
the pericardium directly from right to left over the aor-
ta if grafted to the LAD system or through the transverse
sinus if grafted to the left circumflex coronary artery sys-
tem.

The technique of the GEA dissection is the same as
previously described11.

The coronary anastomoses were made with running
8-0 or 7-0 polypropylene sutures. The pedicles of the
grafts were fixed to the epicardium by means of two su-
tures (5-0 or 6-0 polypropylene) to avoid kinking of the
grafts.

These patients were operated with a standard car-
diopulmonary bypass procedure technique as described
elsewhere12.

Statistical analysis. All data were collected prospectively
in a customized database (SPSS Inc., Chicago, IL, USA)
used for patients undergoing coronary surgery with the
use of the GEA. All continuous variables are expressed
as mean ± SD. All discrete variables are expressed as per-
centage.

Results

The LIMA has been used to graft the LAD system in
373 patients (74.6%) and the left circumflex coronary
artery system in 127 patients (25.4%) respectively. The
RIMA has been used to graft the left circumflex coro-
nary branches in 373 patients and the LAD system in 127
patients, respectively. The GEA has always been used to
graft the branches of the diaphragmatic aspect of the
heart. In total 1850 anastomoses were performed using
1500 arterial grafts; a mean number of 3.7 anastomoses
per patient and 1.2 anastomoses per graft were per-

formed. Using the LIMA 248 single and 252 sequential
anastomoses were performed. With the RIMA 457 sin-
gle anastomoses and 43 sequential anastomoses were per-
formed. With the GEA 487 single anastomoses and 13
sequential anastomoses were performed (Table II).

No. patients %

Chronic stable angina 340 68
Unstable angina 160 32
Previous AMI 274 54.9
Previous > 1 AMI 39 7.8
Left main stenosis > 50% 59 11.8
Previous CABG 36 7.2
Previous PTCA 75 15
Insulin-dependent diabetes 55 11
Hypercholesterolemia 340 68
Previous cholecystectomy 12 2.4

Table I. Patient characteristics.

CABG = coronary artery bypass graft; AMI = acute myocardial
infarction; PTCA = percutaneous transluminal coronary angio-
plasty.

LIMA RIMA GEA

1 248 457 487
2 233 42 13
3 18 1
4 1

Table II. Number of anastomoses (mean 3.7 per patient, range 3-
8, total 1850).

GEA = gastroepiploic artery; LIMA = left internal mammary
artery; RIMA = right internal mammary artery.

Twelve patients (2.4%) died during hospitalization.
One of them had had a previous coronary artery bypass
graft operation. Eight patients died of low output syn-
drome, 1 patient had massive cerebral embolism, 1 pa-
tient died of a massive myocardial infarction from an
extensive atheromatous aorta, 1 patient died of multi-
organ failure 45 days after the operation and the grafts
were found patent at autopsy, 1 patient died of gastric
perforation due to a splenic artery occlusion (post-
mortem diagnosis).

Ten patients (2%) underwent coronary artery bypass
graft operation combined with another cardiac proce-
dure. Three patients had aortic valve replacement, 1 pa-
tient had mitral valvuloplasty, 1 patient had aortic valve
replacement and mitral valvuloplasty, 5 patients had left
ventricular aneurysmectomy.

Four patients (0.8%) needed a venous graft in the pe-
rioperative period due to the presence of ischemic elec-
trocardiographic changes, 3 on the right coronary artery
system and 1 on the left circumflex coronary artery
system.

Perioperative myocardial infarction was recorded in
12 patients (2.4%) on the basis of electrocardiographic
changes and/or increased specific enzyme levels. Twen-
ty patients (4.0%) were temporarily supported with in-
tra-aortic balloon pump in the early postoperative hours.
Repeat thoracotomy for persistent bleeding was neces-
sary in 33 patients (6.6%). Mediastinitis was recorded in
4 patients (0.8%) and other 4 patients (0.8%) needed ster-
nal refixation due to aseptic sternal dehiscence. Gas-
trointestinal bleeding was recorded in 3 patients (0.6%)
and was treated conservatively. Cerebrovascular accidents
occurred in 4 patients (0.8%). Abdominal wound herni-
ation was recorded in 5 patients (0.9%). Twelve patients
(2.2%) needed to stay in the Intensive Care Unit for > 3
days (Table III).
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Discussion

In this report we presented the operative results up
to hospital discharge in a consecutive series of the first
500 patients with three-vesssel disease completely revas-
cularized by arterial conduits (LIMA, RIMA, GEA)
between 1989 and 1999. Out of a total of 1052 patients
over the same period of time, they represent 47.5% of
the total number of patients who underwent coronary
surgery over the same period of time at our Institution.
The perioperative and in-hospital complications were low
and apparently not related to any of the preoperative risk
factors.

In our choice of grafting strategies with arterial con-
duits we were guided by a number of considerations.

Intrinsic properties of the arterial conduits. Unlike
the IMA, the GEA, as well as the radial artery and the
IEA, are prevalently muscular arteries13 according to the
morphology of the media (elastic, elasto-muscular, or
muscular). This fact leads to important technical con-
siderations. Flow adaptation after the operation is im-
mediate, therefore if the grafted vessel has only a mod-
erate stenosis and/or high coronary resistances (distal
stenosis with poor “run-off”), a low flow pattern is pre-
sent and it can cause a “string-sign” reduction up to the
total occlusion of the conduit. As a consequence, these
arterial conduits are preferably used onto severely
stenosed or occluded coronary arteries, in order to have
a high flow pattern and to avoid the “string-sign” or the
occlusion of the graft due to the adverse flow pattern.

It is known that functional changes occur in the vein
grafts such as intimal hyperplasia and loss of the en-
dothelium capability of producing substances like nitric
oxide. These functional changes are the base for vein
graft failure14,15. Furthermore, nitric oxide plays an im-
portant role in promoting the regulation of the vascular
tone, thus providing a non-thrombogenic luminal sur-
face and inhibiting vascular smooth muscle cell prolif-
eration. These morphologic and physiologic aspects
have been investigated in arterial graft conduits. IMA and
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GEA showed to have histological, morphologic and
functional similarities16. 

In vivo studies have also demonstrated that mammary
artery grafts have a better vasodilative reserve after
surgery than vein grafts17,18. Mammary artery grafts
show a preserved relaxation, both to endothelium-de-
pendent and endothelium-independent stimuli, thus in-
dicating the preservation of the functional integrity of the
artery19,20.

Furthermore, although the media is different in the
two conduits, being elasto-muscular in the IMA and
muscular in the GEA, they both show only minimal in-
timal hyperplasia 2 years after implantation21. Different
from the IMA and GEA, the IEA has a mean luminal di-
ameter that is significantly smaller and presents sub-
stantial intimal hyperplasia in its proximal part22. As a
consequence, the use of the IEA as a graft conduit must
be carefully evaluated in clinical practice.

Free grafts and in situ grafts. The intrinsic properties
of the above-mentioned arterial conduits are not the sole
determinants of graft patency. An important aspect is
whether they are used as in situ or as free grafts. The pa-
tency rate of the arterial conduits used as free grafts is
lower than that of in situ grafts. The exposure of a free
graft to the high shear stress at the site of the anastomosis
on the ascending aorta may lead to rapid development of
intimal hyperplasia. Moreover, from a technical stand-
point, a free graft obviously needs an adjunctive anas-
tomosis which may constitute a potential procedural
risk for human error. For these reasons it is advisable to
use arterial grafts in situ or, if not possible, to avoid
anastomising them to the ascending aorta and prefer
composite graft anastomosis23,24.

Right coronary artery system. The results of arterial
grafting of the right coronary artery system are less sat-
isfying in comparison to the left coronary system.
Anatomical and technical problems can explain these re-
sults. Different from the left coronary system, the anatom-
ical configuration of the right coronary artery system is
inconsistent. The segment before the take off of the pos-
terior descending coronary artery, is theoretically the most
appropriate anatomical site to anastomose a graft con-
duit, especially for the in situ RIMA. However, it is
common to find a significant atherosclerotic process in
this anatomical site extending over time toward the mid
right coronary artery and the proximal part of the pos-
terior descending branch. Furthermore, the right coronary
artery diameter is usually much larger than the RIMA di-
ameter. Due to these reasons, a RIMA anastomosed in
this site could be at high risk for occlusion. On the oth-
er hand, the diameter of the distal part of the posterior
descending artery can be excessively small for a more dis-
tal grafting. Furthermore, if in situ RIMA is the chosen
conduit, stretching of the artery25 often occurs when
grafting the distal posterior descending artery and this
adds further technical risks.

No. patients %

Perioperative AMI 12 2.4
IABP 20 4.0
Repeat thoracotomy 33 6.6
Mediastinitis 4 0.8
Sternum re-fixation 4 0.8
Gastrointestinal bleeding 3 0.6
CVA 4 0.8
Abdominal wound hernia 5 0.9
ICU stay > 3 days 12 2.2

Table III. Morbidity.

AMI = acute myocardial infarction; CVA = cerebrovascular ac-
cidents; IABP = intra-aortic balloon pump; ICU = intensive care
unit.
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Internal mammary arteries. Several techniques have
been developed both for in situ, free and sequential
mammary grafting. Routing the RIMA through the
transverse sinus has also been advised for revasculariz-
ing coronary arteries with in situ IMA grafting. A dif-
ferent approach introduced by Tector et al.23 consists in
using the RIMA anastomosed to the LIMA in a T-
shaped anastomosis. This allows the IMAs to reach the
posterior branches of the circumflex coronary artery
and the right coronary artery nearly in every patient.

The common IMA grafting strategy is to anasto-
mose the grafts to “the best myocardium”26, using the
LIMA for the LAD and diagonal artery area, and the 
RIMA for the remaining most important graftable ves-
sel. Circumflex coronary branches should be preferred
as a target for RIMA grafting because the patency rate
of the RIMA anastomosed to the distal right coronary
artery and its branches is not satisfying27. On the other
hand, the left-sided bilateral IMAs showed excellent
results28. In fact, the use of left-sided bilateral IMAs en-
ables to revascularize the coronary arteries supplying the
majority of the left ventricular myocardium. This is
best accomplished with in situ grafts using the LIMA and
the RIMA. There are two possibilities: in the first the 
LIMA is used to graft the LAD system and the RIMA
is used for the left circumflex coronary artery system;
this is possible by routing the RIMA through the trans-
verse sinus. The second possibility is to use the LIMA
to graft the left circumflex coronary artery system and
to use the RIMA to graft the LAD system. In this case
the RIMA crosses the midline over the aorta and the pul-
monary artery. Using this option the RIMA pedicle
should be protected covering it with the anterior medi-
astinal fatty tissue before the sternal closure. That is gen-
erally sufficient to protect the RIMA in the case of
chest re-entering through median sternotomy.

Right gastroepiploic artery. The GEA has been used
in clinical practice since the late 1980s29 and satisfac-
tory mid- and long-term results are reported. At the
University Hospital of Groningen (The Netherlands), the
combination of the GEA with the IMAs is the treatment
of choice to achieve total arterial revascularization in pa-
tients with three-vessel disease11. The advantage of the
GEA is to be an in situ graft, similar to the IMA in re-
lation to size, flow, length, pharmacological responses,
and low susceptibility to atherosclerosis30-32. The pre-
ferred targets for the GEA are particularly the distal
branches of the right coronary artery because they are
less involved in the atherosclerotic process compared to
the right coronary artery itself.

Radial artery. The radial artery was employed in the
very early era of coronary artery bypass surgery by
Carpentier et al.33, but it was later abandoned after ear-
ly reports of poor angiographic patency34. In the last few
years the interest in this graft was renewed thanks to the
findings of open radial artery grafts in some patients of

the early Carpentier’s experience, after more than 15
years of follow-up35. Other authors also reported satis-
factory mid-term results with this graft24,36. In particu-
lar, Possati et al.37 found that the radial artery propen-
sity to serotonin-induced spasm was shown to marked-
ly decrease at mid-term follow-up (5 years after the
operation). This group also found that the late patency
rate of the radial artery was not influenced by the con-
tinued use of calcium-channel antagonists, whereas the
severity of atherosclerosis in the grafted vessel marked-
ly influenced the postoperative results.

Main advantages of the radial artery are its diame-
ter, which is slightly wider than that of the IMA, and the
possibility of harvesting this graft at the same time as
the IMAs. The radial artery can satisfactorily be used for
a length of at least 18-20 cm. Initially, the radial artery
was used as a free graft with a proximal anastomosis to
the ascending aorta. Currently it is mainly used as a T
graft23 anastomosed to the LIMA. Target vessels for
the radial artery are the circumflex coronary artery and
its branches, as well as the right coronary artery and its
distal branches.

Inferior epigastric artery. The use of the IEA was ini-
tially introduced in the 1980s38,39 as a free graft anas-
tomosed to the ascending aorta generating disappoint-
ing results40. The distal size of the IEA is quite small
(about 1-1.2 mm) and the proximal anastomosis on the
ascending aorta could be technically demanding, because
of the discrepancy between the small diameter of the IEA
and the thickness of the aortic wall. Different surgical
approaches using this arterial conduit have been re-
ported with encouraging results. Calafiore et al.24 pro-
moted the use of the IEA mainly for lengthening other
in situ arterial conduits and avoiding, whenever possi-
ble, to perform a proximal anastomosis on the ascend-
ing aorta. Other authors preferred to use the IEA for the
right coronary artery system and to anastomose it prox-
imally to the ascending aorta41. Surgical indications for
this graft are limited to those cases in which other con-
duits are either not available or technically unfeasible.

In conclusion, the combination of bilateral IMA
grafting with the GEA allows for a complete arterial
revascularization in all patients with multivessel disease,
with a low rate of perioperative complications. These re-
sults, and in particular freedom from angina pectoris, are
better than those of studies in which vein grafts, single
IMA or double IMA grafts alone were used. This is al-
so supported by the previous clinical experience of the
Groningen University Hospital42,43. As a consequence,
more surgeons are today prone to achieve total arterial
revascularization in the effort to improve long-term re-
sults. The use of the radial artery may extend the chance
of a complete arterial revascularization in patients with
contraindications to bilateral IMA grafting as for the use
of the GEA. According to our experience, the mid-term
results of total arterial revascularization are supporting
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this choice, in order to give the patients the best chance
of long-term results. This means not only an improve-
ment in life expectancy and quality of life but also a con-
sistent reduction in time of hospitalization and need
for repeated revascularization at follow-up. All those facts
together translate themselves into a better use of health
care resources, which is currently the main drive of
modern medicine.

Moreover, the striking progress of current interven-
tional cardiology and the consistent investment in basic
research are now reducing worldwide the impact of
surgical treatment of coronary artery disease. There-
fore, the role of coronary surgery will be strictly relat-
ed to the success of long-term results which are main-
ly related to the quality of graft material.

According to this clinical evidence and this trend, it
is expected that total arterial revascularization will main-
tain the weight of the surgical treatment of coronary
artery disease by guaranteeing a stable improvement in
long-term results.
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