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Left internal thoracic artery (ITA) grafting to the left
anterior descending (LAD) artery is widely recognized

to be the most important single determinant for survival
and for reduction of late cardiac events in patients who
undergo coronary artery bypass grafting.1,2 Recently, Pick
and associates3 showed better long-term outcome in
patients in whom bilateral ITAs were used on the left
coronary artery system in comparison with patients in
whom only the left ITA was used to the LAD. Lytle and
associates4 also found that having 2 ITAs was advanta-
geous for any patient, regardless of the position of the
grafts, and that the advantage was already statistically 
significant 5 years after the operation.

Background: We evaluated whether bilateral internal thoracic arteries pro-
vide the same long-term results when used as in situ grafts and as Y grafts. 

Methods and results: From October 1991 to February 2000, 1818 patients had
bilateral internal thoracic arteries used as in situ (n = 1378, group A) or as Y
grafts (n = 440, group B). The number of anastomoses per patient and the
number of bilateral internal thoracic artery anastomoses per patient were
higher in group B (3.1 ± 0.9 and 2.7 ± 0.9) than in group A (2.9 ± 0.8 and
2.2 ± 0.6) (both P < .001). The number of right internal thoracic artery anas-
tomoses per patient rose from 1.0 ± 0.3 in group A to 1.4 ± 0.6 in group B
(P < .001), and the number of sequential anastomoses per right internal tho-
racic artery graft rose from 4.1% to 34.3% (P < .001). Thirty-day mortality
was 2.0% in group A versus 2.5% in group B (P = not significant). No dif-
ference in postoperative course was detected. Eight-year survivals were
95.8% ± 2.7% in group A versus 94.8% ± 4.0% in group B (P = not signifi-
cant), and event-free survivals were 95.2% ± 2.9% in group A versus 93.6%
± 4.4% in group B (P = not significant). Early angiograms were obtained in
295 patients (945 anastomoses, 863 distal and 82 proximal Y grafts), 213
patients (611) in group A and 82 patients (334) in group B. Patency rate was
98.8% in group A and 96.0% in group B (P = not significant), whereas grade
A patency rate was 97.2% in group A and 96.4% in group B (P = not signif-
icant). Late angiograms were obtained in 88 patients (25 in group A and 63
in group B) at a mean of 17.5 ± 18.4 months: patency rate was 100% in
group A and 99.2 in group B (P = not significant), and grade A patency rate
was 98.6% in group A and 98.8% in group B (P = not significant). No Y
anastomosis was occluded or stenosed. 

Comment: Survival, incidence of cardiac events, and angiographic patency in
the early and late phases are similar for bilateral internal thoracic arteries
used either in situ or as Y grafts. However, Y grafting with bilateral internal
thoracic arteries increases the number of anastomoses per bilateral thoracic
artery, as well as the flexibility of the right internal thoracic artery. (J Thorac
Cardiovasc Surg 2000;120:990-8)
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In our opinion, a crucial point in bilateral ITA graft-
ing is the proper use of the right ITA. We assume that if
this artery is used as a composite graft5 (Y graft from
the left ITA), the flexibility of the graft increases, as
well as the number of anastomoses per patient per bilat-
eral ITA. We analyzed our experience with bilateral
ITAs to evaluate whether the long-term clinical and
angiographic results were similar if the ITAs were used
in situ or as Y grafts.

Patients and methods 
From October 1991 to February 2000, 1818 patients

underwent isolated myocardial revascularization with bilat-
eral ITAs in situ (n = 1378, group A) or as Y grafts (n = 440,
group B). The incidence of Y grafting was higher in the last
part of our experience. The preoperative data are shown in
Table I.

Surgical technique. Patients were anesthetized as previ-
ously described.5 From October 1991 to May 1994, bilater-
al ITAs were harvested pedicled; since June 1994 the con-
duits were dissected skeletonized. The pedicled ITA was
harvested together with the surrounding veins, muscle, and
fascia. The cautery was always used and the side branches
were clipped. When the ITA was harvested skeletonized,
the surgical technique was as follows. After dissection of
the reflection of the mediastinal pleura from the endotho-
racic fascia, the ITA and both satellite veins were visual-
ized. The fascia was incised medially to the medial thoracic
vein for the whole length of the vessel, and it was pulled
down on the pleura. A blunt dissection of the artery from
the chest wall was performed by means of the tip of the
cautery. All the branches were dissected, clipped proximal-
ly and distally, and divided with coronary scissors. With
this technique, conduits longer than the pedicled ones were
obtained; this allowed us to increase the number of sequen-
tial anastomoses6 and to preserve the sternal vasculariza-
tion as much as possible.7

After heparinization, the ITAs, independently from the har-
vesting technique used, were distally clipped, injected with
10 mL of a papaverine solution (1 mg/mL), and allowed to
pharmacologically dilate.5

End-to-side anastomosis. If the ITA was harvested as a
pedicle, the fascial portion was used. As soon as the fascia
was incised, the artery appeared, clean and easy to dissect. If
the ITA was harvested skeletonized, the anastomosis was per-
formed laterally, in the left margin of the ITA. The Y graft
was always constructed before the start of cardiopulmonary
bypass (CPB) or, if CPB was not used, at the beginning of the
operation.

The most suitable point for the anastomosis was chosen.
Because the common target vessels for side branches are on
the circumflex system, the best point is at the level of the pul-
monary artery; for other arrangements, the proximal anasto-
mosis site had to be decided on a case-by-case basis.

The in situ ITA, if pedicled, was prepared at the chosen site

and then was clamped. A longitudinal incision was per-
formed, 6 to 8 mm long. The free graft was prepared, opened
obliquely at its tip, and then extended to the ITA. A running
stitch with an 8-0 Prolene suture (Ethicon, Inc, Somerville,
NJ), starting from the heel of the free graft, was used. The in
situ ITA was unclamped and the proximal anastomosis was
carefully checked for any bleeding. After the composite graft
was obtained (Fig 1), the procedure, with or without CPB,
was begun. Strategically, the inflow conduit was anasto-
mosed first, better to tailor the side branch.

Graft distortion can be avoided merely by placing the ITA
over the heart. The inside pressure will keep the graft in the
right orientation. As soon as the aorta was unclamped (or, if
CPB was not used, when the last anastomosis was complet-
ed), a continuous infusion of diltiazem (5 mg/h) was begun.
This infusion was continued up to the first postoperative day,
when oral diltiazem was started (60 mg 3 times a day for 4
weeks).

From the operating theater the patients were transferred to
the intensive care unit, generally for the first postoperative
day, and then to the ward. In the great majority of patients,
angiography was performed electively, not because of new
ischemic symptoms. No patient had 2 angiograms. The qual-
ity of the anastomosis per conduit was graded according to
the guidelines of Fitzgibbon and associates.8

Follow-up. All the patients were followed up in our outpa-
tient clinic 3, 6, and 12 months after the operation and then
every year. We were able to follow up all our patients, direct-
ly or by telephone. Survival and survival free from cardiac
events (acute myocardial infarction, need of percutaneous
transluminal coronary angioplasty, need for reoperation)
were considered for our research.

Statistical analysis. Results are expressed as mean ± SD
unless otherwise indicated. Statistical analysis comparing 2
groups was performed with the unpaired 2-tailed t test for
the means or χ2 test for categoric variables. Survival and
event-free survival curves were obtained with the Kaplan-
Meier method (SPSS software; SPSS, Inc, Chicago, Ill).
Statistical significance was calculated with the Mantel-Cox
test and z-test.

Table I.  Preoperative data

Group A Group B
(n = 1378) (n = 440) P value

Age (y) 61.5 ± 8.9 62.1 ± 9.5 NS
≥75 y 265 (19.2%) 102 (23.3%) NS

Female 192 (13.9%) 78 (17.8%) NS
Ejection fraction (%) 59.0 ± 12.9 55.5 ± 14.6 <.001

≤35% 76 (5.5%) 40 (9.1%) .010
Urgent 352 (25.5%) 80 (18.3%) .002
Left main 209 (15.1%) 56 (12.8%) NS
Two-vessel disease 345 (25.0%) 97 (22.0%) NS
Three-vessel disease 1033 (74.9%) 343 (77.9%) NS
Redo 37 (2.7%) 31 (7.1) <.001
Diabetes 296 (21.5%) 133 (30.2%) <.001

NS, Not significant.
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Results

Preoperative data in the 2 groups were not complete-
ly similar (Table I), because group B comprised more
patients with diabetes or with the need for an urgent or
a second operation. Moreover, mean ejection fraction
was lower in group B. 

CPB time and crossclamping time were longer in
group B (70.6 ± 62.9 minutes vs 62.9 ± 22.0 minutes;
P < .001; 60.3 ± 23.0 minutes vs 52.5 ± 18.7 minutes;

P < .001). In 257 patients in group A and in 122
patients in group B, CPB was not used. 

Technical details are shown in Table II. The num-
ber of anastomoses per patient was significantly
higher in group B than in group A, as well the num-
ber of left and right ITA anastomoses per patient. As
a consequence, the number of bilateral ITA anasto-
moses per patient was higher in group B than in
group A, and the difference was statistically highly

Fig 1.  The right ITA was connected to the left ITA with an end-to-side anastomosis (Y graft). A, Intraoperative
view; B, postoperative follow-up angiogram.

Table II. Technical details

Group A Group B 
(n = 1378) (n = 440) P value

Anastomoses/patient 2.9 ± 0.8 3.1 ± 0.9 .016
Bilateral ITA anastomoses/patient 2.2 ± 0.6 2.7 ± 0.9 <.001
Left ITA anastomoses/patient 1.2 ± 0.5 1.3 ± 0.5 <.001
Right ITA anastomoses/patient 1.0 ± 0.3 1.4 ± 0.6 <.001
TAMR 1037 (75.2%) 308 (70.3) NS
Other conduits

RGEA 276 45 <.001
RA 135 8 <.001
IEA 66 6 .002
SVG 330 136 .013

ITA, Internal thoracic artery; TAMR, total arterial myocardial revasculariza-
tion; RGEA, right gastroepiploic artery; RA, radial artery; IEA, inferior epi-
gastric artery; SVG, saphenous vein graft; NS, not significant.

Table III. Sequential anastomoses

Group A Group B
(n = 1378) (n = 440) P value

Patient with at least 1 
ITA seq anastomosis 314 (22.8%) 225 (51.2%) <.001

ITA conduit with 
seq anastomosis 341 (9.7%) 277 (25.8%) <.001

With LITA 284 (20.6%) 126 (28.6%) <.001
2 distal 276 117 .004
>2 8 9 .013

With RITA 57 (4.1%) 151 (34.3%) <.001
2 distal 55 125 <.001
>2 2 26 <.001

ITA, Internal thoracic artery; seq, sequential; LITA, left internal thoracic
artery; RITA, right internal thoracic artery.

A B



The Journal of Thoracic and
Cardiovascular Surgery
Volume 120, Number 5

Calafiore et al 993

significant (2.7 ± 0.9 vs 2.2 ± 0.6; P < .001). Fewer
bilateral ITA graft anastomoses per patient were
needed in patients who had in situ pedicled grafts
(2.1 ± 0.3) than in patients with skeletonized Y grafts
(2.8 ± 1.1; P < .0001). Table II also shows the con-
duits that were used to supplement bilateral ITA
grafts. A total of 668 patients in group A and 254 in
group B had isolated bilateral ITA grafting (2.3 ± 0.5
vs 2.9 ± 0.9 anastomoses per patient; P < 0.001);
when another conduit was used, the anastomoses per
patient rose to 3.5 ± 0.6 in group A and 3.6 ± 0.9 in
group B (P = not significant [NS]). 

The number of sequential anastomoses was signifi-
cantly higher in group B than in group A, in particular
with the right ITA (151 vs 57; P < .001) (Table III).

Total arterial revascularization was achieved in
approximately the same percentage of patients the in
2 groups (75.2% in group A and 70.3% in group B; 
P = NS).

The distribution of distal anastomoses is shown in
Table IV and was different in the 2 groups. In group A
the right ITA was used more often than the left ITA to
graft the LAD (65.0% vs 27.9%); in group B the left
ITA was the more common conduit (70.1% vs 8.0%).
On the contrary, the circumflex system was revascular-
ized more often with the left ITA in group A (63.0% vs
15.4%) and with the right ITA in group B (75.2% vs
7.8%). In the right coronary artery system, the right
ITA was used less frequently in group B than in group
A (15.8% vs 6.1%; P < .001). The ability to graft the
left coronary system (LAD and circumflex) with only
bilateral ITAs was different between the 2 groups. In
group A 85.6% of the patients in whom the left coro-
nary system was revascularized had only bilateral ITA
grafts, whereas in group B this percentage rose to
94.6% (P < .001). Moreover, in group A 83.1% of the
anastomoses performed in the left coronary system
were done with bilateral ITAs versus 92.4% in group B
(P < .001).

Postoperative data are listed in Table V. Thirty-nine
patients (2.1%) died in the first 30 days after the oper-
ation, 28 in group A (2.0%) and 11 in group B (2.5%;
P = NS). All postoperative complications were similar
in the 2 groups. 

The incidence of hypoperfusion syndrome was simi-
lar in the 2 groups (7 [0.5%] vs 2 [0.45%]; P = NS).
When hypoperfusion was suspected, the ITA was
always supplemented with a saphenous vein graft. No
patient died if the complication was evident in the oper-
ating theater, but 3 of 4 died when hypoperfusion
became evident in the intensive care unit, although
early reoperation was attempted in every case.

Sternal wound healing problems were present in 46
patients (2.5%), the incidence being similar in both
groups (32 cases in group A [2.3%] vs 14 cases in
group B [3.2%]; P = NS).

Follow-up. Globally, after a mean follow-up of 33.4
± 24.7 months, 1737 patients (95.5%) were alive and
1727 (94.9%) were alive without myocardial infarction
and surgical or interventional revascularization; the 8-

Table IV.  Target coronary vessels 

LAD Diagonal Cx system RCA system Total

Group A
LITA 441 (27.9%) 135 (8.6%) 993 (63.0%) 8 (0.5%) 1577
RITA 998 (65.0%) 58 (3.8%) 236 (15.4%) 242 (15.8%) 1534
Total 1439 (46.2%) 193 (6.2%) 1229 (39.5%) 250 (8.1%) 3111

Group B
LITA 397 (70.1%) 122 (21.8%) 44 (7.8%) 3 (0.5%) 566
RITA 50 (8.0%) 67 (10.7%) 470 (75.2%) 38 (6.1%) 625
Total 447 (37.5%) 189 (15.9%) 514 (43.1%) 41 (3.5%) 1191

LAD, Left anterior descending artery; Cx, circumflex; RCA, right coronary artery; LITA, left internal thoracic artery; RITA, right internal thoracic artery.

Table V.  Postoperative data

Group A Group B
(n = 1378) (n = 440) P value

Deaths 28 (2.0%) 11 (2.5%) NS
Inotropic drugs 43 (3.1%) 17 (3.8%) NS
IABP 9 (0.6%) 5 (1.1%) NS
AMI 12 (0.9%) 5 (1.1%) NS
CVA 15 (1.1%) 7 (1.6%) NS
Atrial fibrillation 181 (13.1%) 73 (16.6%) NS
Acute respiratory failure 11 (0.8%) 7 (1.6%) NS
Acute renal failure 8 (0.6%) 4 (0.9%) NS
Bleeding 551 ± 441 480 ± 370 .002
Transfused patients 319 (23.1%) 120 (27.3%) NS
ICU stay (h) 22.2 ± 28.3 18.5 ± 20.7 .011
In-hospital stay (d) 5.9 ± 6.3 5.3 ± 5.0 NS

IABP, Intra-aortic balloon pumping; AMI, acute myocardial infarction; CVA,
cerebrovascular accident; ICU, intensive care unit.
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year survival and event-free survival are shown in Fig
2. Mean follow-up was shorter in group B than in
group A (19.1 ± 18.8 months vs 35.5 ± 23.0 months; 
P < .001), because Y grafts were more prevalent in the
more recent experience.

Eight-year survival was 95.8% ± 2.7% in group A
and 94.8% ± 4.0% in group B (P = NS) (Fig 3); event-
free survival was 95.2% ± 2.9% in group A and 93.6%
± 4.4% in group B (P = NS) (Fig 4).

After a mean of 17.8 ± 15.5 months, 42 patients
had died, 23 of cardiac causes (3 acute myocardial
infarctions, 18 sudden deaths, 1 right ventricular
injury, and 1 after the second redo operation) and 19
of noncardiac causes (11 malignancy, 1 cerebral
atrophia, 6 stroke, 1 abdominal aortic aneurysm rup-
ture). Among them, 33 (2.5%) died in group A and 9
(2.0%) in group B (P = NS).

Myocardial infarction occurred in 3 patients in group
A and in 1 patient in group B (P = NS), 2, 12, and 17
months (group A) and 3 months (group B) after the
operation.

Ten patients needed further revascularization after a
mean of 31.0 ± 32.5 months, 6 in group A (3 redo and
3 angioplasty) and 4 in group B (1 redo and 3 angio-
plasty) (P = NS). The outcome was uneventful; howev-
er, 1 of the patients needed a second surgical revascu-
larization and died on the first postoperative day of low
output syndrome.

Follow-up angiograms. Early angiograms were
obtained in 295 patients (945 anastomoses, 863 distal
and 82 proximal Y grafts), 213 (611) in group A and 82
(334) in group B (Table VI). Early and late patency
rates were similar in the 2 groups. No Y anastomoses
were occluded or stenosed.

Fig 2. Eight-year survival (solid line) and event-free survival (dashed line) of the global population.

Fig 3. Eight-year survival of group A (solid line) and group B (dashed line).
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Discussion

Bilateral ITA grafting is becoming increasingly pop-
ular because it provides satisfying early and late results.
Even if past studies did not indicate that long-term out-
come was clearly superior to that of single ITA and
saphenous vein grafts,9-11 more recent reports indicate
that bilateral ITA grafting is superior in the very long
term.3,4

From the technical point of view, whereas the left
ITA is generally considered to be the graft of choice for
the LAD system, the target vessels of the right ITA
remain uncertain. When the right ITA is used in situ,
the right coronary artery system is the easiest to reach.
However, this strategy was demonstrated to be unsatis-
factory because midterm results were not dissimilar to
those provided by the saphenous vein graft.12,13 We
believe the right ITA is best used as a graft to the LAD
or the marginal branches (over or under the aorta);
these grafts have to be directed to the left coronary sys-
tem.2 However, sometimes the right ITA is not long
enough. In that case the skeletonization technique,
described by us and others,7,14-16 increases the length
and flexibility of the graft; in many instances, this tech-
nique is our first choice.

Tector and coworkers17 described the possibility of
achieving complete revascularization by using bilateral
ITAs as T grafts. The composite graft technique, as a T
or a Y5,18 from the left ITA, was also reported for grafts
different from the right ITA (radial artery or epigastric
artery), with excellent early and midterm results. This
technique allows the extensive use of bilateral ITA
grafts to the left coronary system, as well as to the right
coronary artery system, if necessary. However, long-
term results are lacking, because some concern exists
regarding the ability of a single ITA to support the

whole coronary circulation. The intermediate anasto-
mosis may be the source of some problems, impairing
the perfusion of the circumflex system.

We compared our long-term results in patients hav-
ing in situ bilateral ITA grafts with those of patients
having bilateral ITA Y grafts. Technically, the Y graft
group had more bilateral ITA anastomoses, mainly in
the left coronary system. The number of right ITA
anastomoses per patient rose from 1.0 to 1.4 (Table II),
and the number of sequential anastomoses per patient
and per conduit rose as well. The right ITA again
showed the highest increase (Table III). The early clin-
ical and angiographic results showed no difference
between the groups, and the late results were also sim-
ilar.

Our data show that, 8 years after surgery, the use of
bilateral ITAs as Y grafts provides excellent results,

Table VI.  Postoperative follow-up angiograms 

Early (13.3 ± 9.4 days)

Group A Group B  
Grade (611 anast/213 pts) (334 anast/82 pts) P value

A 594 (97.2%) 322 (96.4%) NS
B 10 (1.6%) 2 (0.6%) NS
0 7 (1.2%) 10 (3.0%) NS 

Late (17.5 ± 18.4 mo, 6-84)

Group A Group B
Grade (72 anast/25 pts) (264 anast/63 pts) P value

A 71 (98.6%) 261 (98.8%) NS
B 1 (1.4%) 1 (0.4%) NS
0 — 2 (0.8%) NS

Anast, Anastomoses; pts, patients.

Fig 4. Event-event free survival of group A (solid line) and group B (dashed line).
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comparable with those of in situ bilateral ITA grafts.
The flexibility of the right ITA is increased and allows
extended grafting to the left coronary system. 
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Discussion
Dr Alfred J. Tector (Milwaukee, Wis). I congratulate Dr

Calafiore and his associates for the superb results with bilat-
eral ITA grafting. Since it has been shown that grafting the
attached left ITA to the LAD significantly improves long-
term survival and outcomes of coronary artery bypass graft
operations, a few publications have demonstrated further
increase in survival when bilateral ITAs were used. Dr
Calafiore’s report is obviously one of these. 

The 8-year survival, freedom from reintervention, and low
incidence of postoperative myocardial infarction in the 1818
patients who received bilateral ITA grafts definitely surpass-
es the results reported for patients with single left ITA grafts
and saphenous vein grafts. However, the average left ventric-
ular ejection fraction in this series was more than 55%, and
fewer than 10% of the patients had an ejection fraction of less
than 35%. The average age was younger than 62 years, 15%
had left main coronary artery disease, and fewer than 7%
were undergoing reoperations. Early patency in 295 patients
and later patency in 88 patients were about 98%. 

Another important finding in this group is that survival and
patency are similar in patients who received attached bilater-
al ITAs versus those who had the free right ITA anastomosed
to the attached left ITA. Besides allowing for a more sequen-
tial anastomosis, the free right ITA is not passing over or
under the ascending aorta and is not in the way if reoperation
becomes necessary in the future. This information is encour-
aging for those of us who are attempting to bypass as many
coronary arteries as possible with ITA grafts. 

The number of patients with 2- and 3-vessel diseases were
not mentioned in the manuscript. Only 291 anastomoses were
constructed to the right coronary artery with ITA grafts,
whereas 1886, 382, and 1743 LAD, diagonal, and circumflex
anastomoses were made. 

I have 2 questions for Dr Calafiore. What types of conduit
were used for the 28% of the anastomoses that were not con-
structed with ITA grafts, and what was their patency? How
did you determine when to use an ITA graft and when to
select another conduit? 

Dr Calafiore. Thank you very much, Dr Tector. A certain
number of the patients having ITA grafts also had a saphe-
nous vein graft, radial artery, inferior epigastric artery, or gas-
troepiploic artery graft. The patency rate was different.

The patency rate of the saphenous vein graft was 75%. It
was not reported in the article because the target of the



research was the ITA. The patency rates with the gastroepi-
ploic (86.5%) and radial artery grafts (95%) were higher than
for saphenous vein grafts. Basically, we found, as Professor
Dion has reported, that the long-term patency rate of saphe-
nous veins is satisfying.

I agree with Dr Tector that the surgical population in Italy
is somewhat different from the population in the United
States. Our cardiologists are less aggressive than American
cardiologists. For this reason, we see many patients with 3-
vessel disease who had no previous interventional cardiology.
The mean ejection fraction in our patients perhaps is higher
than the mean ejection fraction in the American surgical
experiences. However, the concept that this article empha-
sizes is that the use of the bilateral ITA graft, at least in a pop-
ulation like ours in Italy, gives good long-term results, and
both technical solutions (the in situ or Y graft) can be used
satisfactorily. 

Finally, Dr Tector underlined an important point. The Y
graft technique, when indicated, leaves the ascending aorta
completely free, reducing the risk of a resternotomy in case
of repeat revascularization or valve surgery. 

Dr Guo-Wei He (Hong Kong, China). I have 3 questions:
First, are the target vessels for the right ITA the same for in
situ grafts as for part of a Y graft? Second, is the patency for
the right ITA the same as that for the left ITA? This has been
a major disagreement in other studies. 

My final question is the major question. Since your results
with the 2 different methods are very similar, which do you
prefer in the current clinical setting? What are your indica-
tions for using bilateral ITAs as in situ grafts and as Y grafts? 

Dr Calafiore. In our strategy we prefer to use both ITAs on
the left side of the heart. Therefore, if the patient needs 4 or
5 grafts on the left side, we prefer the Y graft. If the patient is
young, we prefer the Y graft, because it does not interfere
with future aortic or mitral valve surgery. Leaving the grafts
on the left side of the heart, away from the midline, will
reduce the risk of future operations.

We prefer, if possible, not to use the right ITA in the right
coronary artery, because some other reports have shown sim-
ilar long-term patency for right ITA and saphenous vein
grafts. 

To answer your second question, in our experience the
right ITA had a patency rate similar to that of the left ITA.

In response to your third question, we now are increasing-
ly using Y grafts because this technique allows us to perform
more anastomoses with the ITAs, reducing the need for a
third graft, either saphenous vein or arterial. Our strategy is
focused more on Y grafting than on in situ grafting.

Dr Robert A. Dion (Leiden, The Netherlands). I congratu-
late Dr Calafiore for his excellent results, and I would like to
offer some additional support for his strategy.

In our early experience with arterial revascularization, we
anastomosed the pedicled right ITA to the distal right coro-
nary artery. Our 6-month patency rates were only 80%. After
the reports of Dr Tector and Dr Calafiore, we have increas-
ingly used Y ITA grafts for grafting the distal right coronary
artery branches, and our patency rates are now not different

from those obtained with pedicled ITA grafts to the left coro-
nary system. 

Dr Calafiore. Thank you very much. 
Dr Paul Kerr (Buffalo, NY). I want to echo what was asked

previously: In the patients in whom you used the pedicled
right ITA, where on the right coronary artery were you able
to make the anastomosis? Being able to graft more distally on
the right coronary artery may be one of the advantages to
using this as a Y graft.

Did you find that you were able to graft distally enough
with a pedicled graft, or were you using your Y grafts to graft
the posterior descending artery or the posterolateral ventricu-
lar branch? 

Dr Calafiore. We usually do not use a pedicled ITA graft,
as our preference is now to use a skeletonized graft. This
strategy gives us the advantage of having a very long graft,
especially in the Y configuration. For this reason, we are
sometimes able to graft the distal right coronary artery com-
ing from the left side.

When we used the pedicled right ITA, it was very difficult
to reach a suitable anastomotic site on the right coronary
artery, as this artery is often diseased or calcified. We prefer
to graft to the posterior descending artery, which often is of
good quality; this limits the use of the right ITA, at least in
situ. 

Dr Joseph M. Craver (Atlanta, Ga). My question relates
to patients with diabetes, particularly the insulin-dependent
younger patients and the older patients with adult-onset dia-
betes. We are seeing a significantly increased number of such
patients, not only because of the aging population in general,
but also because interventional cardiologists are having
unsatisfactory results in patients with diabetes, particularly
with multivessel disease, and are referring them for surgical
therapy. 

With bilateral ITA harvesting, particularly if the pedicled
techniques are used, we find that wound healing is a signifi-
cant problem, either ischemic nonhealing or increased inci-
dence of infection. What is your experience with that? Can
you offer us any help?

Dr Calafiore. In our experience, sternal wound healing
problems were significantly more prevalent with pedicled
ITAs than with a single ITA. In 1994 we started skeletonizing
the ITAs, and this changed our results. Because harvesting
the ITA in a skeletonized fashion reduces sternal devascular-
ization, there was a huge reduction in the incidence of sternal
wound problems in patients with diabetes.

Today we are using 2 ITAs in every patient who needs this
strategy, independently from obesity, chronic obstructive pul-
monary disease, or diabetes. The incidence of sternal wound
healing problems, also in this group of high-risk patients, is
similar when a single ITA is used, supplemented by saphe-
nous vein grafts or other arterial conduits, or when bilateral
ITAs are used.

Dr D. Craig Miller (Stanford, Calif). What about female
gender? It used to be a risk factor with bilateral ITA grafting. 

Dr Calafiore. So long as the ITAs are skeletonized, gender
is not a risk factor.
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technical problem. In all these cases we prefer to double the
target territory (or territories) with a saphenous vein graft
from the aorta, and often that helps. In your case, perhaps the
problem was not true hypoperfusion but pre-existing acute
ischemia in the grafted territory. 

Dr G. Hossein Almassi (Milwaukee, Wis). My question is
related to the fact that now we are putting all our eggs in one
basket, depending on flow from the left ITA for revascular-
ization of the entire myocardium. In one of your slides, rest-
ing flow appeared to be very low. Do you have a flow mea-
surement below which you abandon the Y graft in favor of
other alternatives, such as free ITA, right ITA, free off the
aorta or saphenous vein, or other grafts? How do you decide
to commit yourself to a T or Y graft for revascularization of
the entire heart? 

Dr Calafiore. Personally, I do not worry about the amount
of flow we can measure in the graft, because the determinant
of the flow depends on many variables, such as the degree of
the proximal stenosis, the quality of the territory, and the
length of the graft. What is really important is the shape of the
curve, indicating diastolic perfusion.

Since the basal flow value often has little meaning, we are
trying to detect in the operating room the increase of the basal
flow after a pharmacologic test. This finding will be correlat-
ed with postoperative angiograms and will give us more
information about the quality of the anastomosis.

To answer your question, we do not have a minimum value.
Of course, if flow through the Y graft is only 3 mL/min, very
likely this graft is not working properly, but this is an extreme
situation.
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Dr Robert D. Moses (Boston, Mass). I routinely perform a
left ITA graft and radial artery Y graft off the ITA, and the
vast majority of patients are weaned from CPB without any
trouble. Recently, I performed a Y graft in a patient who had
ischemia in the circumflex distribution preoperatively and
required intra-aortic balloon support. While he was being
weaned from CPB, he had major ST changes in the lateral
distribution associated with mitral regurgitation. I reinstituted
CPB, detached the radial artery graft from the ITA, and found
that it was widely probe-patent and flushed well. To ensure
inflow, I lengthened the radial artery graft with a saphenous
vein interposition graft coming off the aorta.

While CPB was being terminated again, there was still
extensive ischemia in the lateral distribution with balloon
support. The ischemia gradually resolved, the patient did not
show signs of a myocardial infarction, and he did quite well.
This case would appear to represent acute flow insufficiency
in the radial artery graft. What has your experience been with
acute flow insufficiency in arterial grafts, and how do you
manage the problem?

Dr Calafiore. I think that this patient had some kind of flow
insufficiency in the circumflex territory. However, if a patient
has acute ischemia during or before the operation, often the
distal resistances are very high in the target territory, and this
problem is not related to any kind of graft you can use. As
resistances will lower with time, the global situation has a ten-
dency to improve. In this particular situation, supplementation
with the saphenous vein very likely did not help.

We have encountered hypoperfusion in a few patients. It is
difficult to understand hypoperfusion, because often it is a
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