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OBJECTIVES

We evaluated the short- and long-term clinical outcomes after percutaneous revascularization
of the internal mammary artery (IMA) graft.

BACKGROUND Previous reports in a relatively small number of patients have indicated the safety of balloon
angioplasty for the treatment of stenoses in the IMA graft. However, the use of alternative
interventional techniques and their long-term results have not yet been evaluated.
METHODS

We analyzed the in-hospital and one-year clinical outcomes of 174 consecutive patients who
underwent percutaneous revascularization of 202 lesions located in the IMA graft, by either
balloon angioplasty or stenting.

RESULTS

Anastomotic lesions were evident in 128 cases (63%), and they were more commonly treated
with balloon angioplasty (116/128, 91%), whereas lesions located at the ostium (n ⫽ 16, 8%)
were more frequently treated with stents (11/16, 69%). Procedural success was 97% with
excellent in-hospital outcome: 0.6% mortality rate, no Q-wave myocardial infarction (MI)
and 0.6% rate of urgent bypass surgery. Cumulative one-year rates were: mortality 4.4%, MI
2.9% and target lesion revascularization (TLR) 7.4%.

CONCLUSIONS Revascularization of the IMA graft can be performed safely, with high procedural success and
a low rate of in-hospital complications. Long-term follow-up showed very low TLR
rate. (J Am Coll Cardiol 2000;35:944 – 8) © 2000 by the American College of Cardiology

The internal mammary artery (IMA) is currently considered
the vascular conduit of choice for patients who undergo
elective surgical coronary revascularization with a bypass to
the left anterior descending coronary artery. When compared to saphenous vein grafts, IMA grafts have shown
superior long-term patency rates, lower frequency of reoperation and lower long-term myocardial infarction and
mortality rates (1–5). However, there is still a need for IMA
graft revascularization owing to intrinsic atherosclerotic
disease, distal anastomosis obstruction or damage to the
vessel during the harvest procedure. With the increasing use
of the IMA in coronary artery bypass graft (CABG), there
is a growing need for percutaneous revascularization procedures of lesions located in the IMA grafts (6).
Previous early reports have shown that balloon angioplasty (percutaneous transluminal angioplasty; PTA) of the
IMA can be performed safely with high procedural success
and a relatively low incidence of clinical restenosis (6 –13).
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However, information on the use of stents in the IMA has
been limited to isolated case reports (14 –16). The purpose
of this study was to investigate the short- and long-term
outcomes in a large cohort of patients who underwent
percutaneous revascularization of the IMA graft in our
institution.

METHODS
Patient population. Between January 1994 and April
1998, a total of 174 consecutive patients underwent 184
percutaneous revascularization procedures in 202 lesions of
the IMA graft at the Washington Hospital Center. A total
of 144 patients underwent PTA in 163 lesions (81%), and
30 patients underwent tubular slotted-stent implantation in
39 lesions (19%). Procedures performed via the IMA graft
in the native coronary vessel were excluded from this
analysis.
The purpose of the study was not to compare PTA versus
stent outcomes, as they had different indications according
to lesion location and angiographic characteristics; rather,
we aimed to report on the overall results of a large
consecutive series of unselected IMA graft interventions.
The decision regarding whether patients should undergo
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Table 1. Patient Characteristics (n ⫽ 174)
Abbreviations and Acronyms
CABG ⫽ coronary artery bypass graft
CCS
⫽ Canadian Cardiovascular Society
CK
⫽ creatine kinase
IMA
⫽ internal mammary artery
MI
⫽ myocardial infarction
MLD ⫽ minimal lumen diameter
PTA
⫽ percutaneous transluminal angioplasty
TIMI ⫽ Thrombolysis in Myocardial Infarction
TLR
⫽ target lesion revascularization

stenting or PTA was made by the operator at the time of the
procedure based on vessel size, anatomy and lesion morphology. Ostial lesions, due to their accessibility and larger
vessel diameter, were usually opted for stenting. Lesions
located at the anastomotic site were treated more often by
PTA due to proximal vessel tortuosity, smaller vessel diameter (natural vessel tapering), and because of prior reports of
lower restenosis rates at this site and also to avoid the
possibility of “jailing” the retrograde portion of the vessel
with a stent (9).
Revascularization procedure. All patients underwent either PTA or stenting of the IMA graft with the transfemoral approach according to current guidelines with conventional catheter-based systems (17,18). Patients received
aspirin 325 mg at least 24 h before the procedure and
continued indefinitely afterwards, and patients who underwent stenting were treated concomitantly with either ticlopidine 250 mg bid for four weeks or clopidogrel 75 mg qd
for four weeks per the routine protocol. Weight-adjusted
heparin dosage was administered during the procedure to
maintain an activated clotting time of 250 to 300 s. Heparin
was routinely discontinued at the end of the procedure.
Platelet glycoprotein IIb/IIIa inhibitors were administered
in ⬍2% of cases.
Angiographic analysis. Quantitative angiographic analysis
was performed at the Angiographic Core Laboratory by an
independent observer who was unaware of the purpose or
outcome of the study. Analysis was done on cine frames
demonstrating the stenosis in its more severe and nonforeshortening projection, using a computer-assisted, automated edge detection algorithm (ARTREK, Quantitative
Cardiac Systems, Ann Arbor, Michigan) and standard
morphological criteria (19). The contrast-filled catheter was
used as the calibration standard. Arterial flow was graded
using the Thrombolysis in Myocardial Infarction (TIMI)
classification (20). Minimal lumen diameter (MLD) was
defined as the point of maximal luminal narrowing in the
analyzed segment. Ostial lesions began within 3 mm of the
subclavian artery. Lesion length was measured as the distance from proximal to distal shoulder of the lesion in
millimeters. Tortuosity was defined as the presence of two
or more bends ⬎45° proximal to the lesion.

Variables
Male/Female
Age (yrs)
CCS angina class III–IV
Prior myocardial infarction
Prior coronary angioplasty
Graft age (months)
Hypertension
Diabetes mellitus
Hyperlipidemia
Chronic renal insufficiency
Left ventricular ejection fraction

65/35%
63 ⫾ 10
60.8%
57.1%
45.4%
43 ⫾ 22
58.2%
36.4%
74.5%
8.7%
0.43 ⫾ 0.13

CCS ⫽ Canadian Cardiovascular Society.

Clinical demographics and follow-up. Baseline clinical
demographics and laboratory results were obtained from
hospital charts that were reviewed by an independent
registered nurse who was unaware of the objectives and/or
outcomes of the study. Data were entered prospectively in
the database by our dedicated Data Coordinating Center.
Non-Q-wave myocardial infarction (MI) was defined as a
creatine kinase (CK)-MB enzyme elevation ⱖ5⫻ normal
without new Q waves. Clinical follow-up was performed by
either telephone contact or office visit at three, 6 and 12
months. The occurrence of major late clinical events was
recorded, including death, Q-wave MI and target lesion
revascularization (TLR) (whether surgical or percutaneous).
These events were adjudicated by supporting documents.

RESULTS
Baseline characteristics of 174 consecutive patients are
summarized in Table 1. Mean age was 63 ⫾ 9 years (range
36 to 87 years), with 35% women (n ⫽ 61). A previous MI
had occurred in 99 patients (57%), while the left ventricular
ejection fraction was 0.43 ⫾ 0.13. One hundred and three
patients (61%) had class III or IV angina according to the
Canadian Cardiovascular Society (CCS) on admission, and
68 patients (39%) had angina at rest.
Angiographic characteristics. The left IMA was treated in
85% (n ⫽ 148) of the patients and the right IMA in 15%
(n ⫽ 26). The bypassed vessel was the left anterior descending coronary artery in 86% of cases, the right coronary artery
in 8% and the left circumflex in 6%. The anastomotic site of
the IMA graft was the most frequently treated site (n ⫽
128, 63%) of lesions, mainly with PTA alone (n ⫽ 116,
71%) (Table 2). Restenotic lesions accounted for 17% (n ⫽
36) of all lesions. Ostial lesions (n ⫽ 16) represented only
8% of all lesions and were more frequently treated with
stents (n ⫽ 11, 66%).
Mean lesion length was 10 ⫾ 9 mm, with 25% (n ⫽ 51)
of the lesions being longer than 10 mm and 6% (n ⫽ 12)
longer than 20 mm. Proximal vessel tortuosity was found in
24% of the grafts, all of them treated with PTA alone.
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Table 2. Treatment Modality and Lesion Location

Stent
PTA

Total
(n ⴝ 202)

Ostial
(n ⴝ 16)

Shaft
(n ⴝ 58)

Anastomosis
(n ⴝ 128)

39 (19%)
163 (81%)

11 (29%)
5 (3%)

16 (40%)
42 (26%)

12 (31%)
116 (71%)

PTA ⫽ percutaneous transluminal angioplasty.

Twenty-six (14.8%) of the grafts were totally occluded at
the beginning of the procedure, whereas an additional 40
(22.8%) had impaired flow, either TIMI flow grade 1 (n ⫽
28, 16%) or flow grade 2 (n ⫽ 12, 6.8%). At the end of the
procedure, TIMI flow grade 3 was restored in 164 (94%) of
the IMA grafts. The final flow was TIMI flow grade 1 in
three patients (2%) and TIMI flow grade 2 in four patients
(2%). Quantitative angiographic results are shown in Table 3.
In-hospital outcome. The in-hospital outcome is detailed
in Table 4. There was one case of abrupt closure and one
case of perforation resulting in two major complications:
one death (0.6%) and one emergency coronary bypass
surgery (0.6%). There were no cases of Q-wave MI, and
there was an 8.5% incidence of non-Q-wave MI (n ⫽ 15).
CK-MB fraction elevation ⬎3⫻ normal occurred in 12.5%
of patients. Urgent repeat catheterization and repeat target
lesion PTA was performed in six patients (3.3%).
Late clinical follow-up. Cumulative one-year follow-up
results are detailed in Table 5. During this period six
patients died (4.4%), and one experienced a Q-wave MI
(0.7%). Two patients died of complications during revascularization procedures, two of unknown causes, one of
complete atrioventricular (AV) block that developed after a
hip fracture (three months after the procedure) and one of
complications of an autoimmune syndrome. Overall TLR
rate was 7.4% (n ⫽ 15). Patients who underwent stenting
had a TLR rate of 15.4% (n ⫽ 6), and those who underwent
PTA had a TLR rate of 5.4% (n ⫽ 9).
For the ostial site of the IMA graft, overall TLR was 25%
(n ⫽ 4); 40% (2 of 5) for patients treated with PTA and
18% (2 of 11) for patients treated with stents.
For the anastomotic site, overall TLR was 7% (n ⫽ 9);

4.3% (5 of 116) for patients treated with PTA and 33% (4
of 12) for patients treated with stents.
For the shaft of the IMA graft, overall TLR was 13%
(n ⫽ 2); 4.8% (2 of 42) for patients treated with PTA and
0% (0 of 16) for patients treated with stents.

DISCUSSION
This study evaluated the short-term and one-year clinical
outcomes of a cohort of consecutive patients who underwent
percutaneous revascularization of the IMA graft. This series
represents the largest published experience with PTA and
the first series of stenting of the IMA graft (14 –16).
Although patients who underwent stenting and those
who underwent PTA had comparable demographic and
clinical characteristics, it would be misleading to compare
the two groups in view of their completely different angiographic characteristics. Specifically, lesions treated with
stents were located at the ostial site where the vessel was
larger and easily accessible, whereas the majority of the
lesions treated with PTA were located at the distal anastomosis site where the vessel is smaller owing to the natural
tapering (see Methods section and Table 2).
Nevertheless, in-hospital procedural success and outcome
were excellent for all patients despite the technical challenges imposed by graft tortuosity and the natural tapering
of the vessel, which may limit the technical options available
during the procedure (9,13). The tendency to deploy stents
in the ostial portion of the graft and to treat the distal
anastomosis site by PTA alone appeared to have produced
excellent overall clinical results (Tables 4 and 5).
During hospitalization, major complications were scarce
(Table 4) and the CK-MB elevation rates were rather low in

Table 3. Quantitative Angiographic Results

Preprocedural
Reference diameter (mm)
Minimal lumen diameter (mm)
Diameter stenosis (%)
Postprocedural
Reference diameter (mm)
Minimal lumen diameter (mm)
Diameter stenosis (%)
Values are mean ⫾ SD.
PTA ⫽ percutaneous transluminal angioplasty.

Total
(n ⴝ 174)

Stent
(n ⴝ 39)

PTA
(n ⴝ 163)

2.08 ⫾ 0.53
0.66 ⫾ 0.53
64.0 ⫾ 21.1

2.57 ⫾ 0.41
0.99 ⫾ 0.62
59.6 ⫾ 19.6

2.01 ⫾ 0.50
0.61 ⫾ 0.50
64.7 ⫾ 21.3

2.17 ⫾ 0.46
1.63 ⫾ 0.62
24.7 ⫾ 16.8

2.64 ⫾ 0.43
2.49 ⫾ 0.81
6.15 ⫾ 22.7

2.10 ⫾ 0.42
1.50 ⫾ 0.47
27.6 ⫾ 13.5

Gruberg et al.
Percutaneous Revascularization of the IMA Graft

JACC Vol. 35, No. 4, 2000
March 15, 2000:944–8
Table 4. In-Hospital Outcomes

Procedural success
Death
Q-wave MI
Non–Q-wave MI
CABG
Target lesion PTA
MACE

Total
(%)

Stent
(%)

PTA
(%)

96.7
0.6
0
8.5
0.6
3.3
1.7

96.8
0
0
6.3
0.0
6.3
0

96.7
0.7
0
9.0
0.7
5.3
1.3

CABG ⫽ coronary artery bypass graft surgery; MI ⫽ myocardial infarction; PTA ⫽
percutaneous transluminal angioplasty; MACE ⫽ major adverse cardiac events
(death, MI or emergency CABG).

comparison to reported rates for native coronary and for
saphenous vein graft intervention. These facts may allude to
a favorable future prognosis for the present cohort (21).
At one-year follow-up, TLR rates were low (7.4%) and
comparable with those of previous reports (7,10). Although
the true incidence of angiographic restenosis is unknown in
the absence of angiographic follow-up, the reported oneyear clinical restenosis rate appears lower than the rates
reported for vein graft intervention: 17% after stenting and
26% after PTA (22). Previous reports have shown that IMA
grafts have low restenosis rates after PTA, especially at the
distal anastomosis site, but higher rates at the body of the
graft (7,11–13). Although TLR rate was higher for ostial
lesions in the present study, it is inappropriate to make a
definitive comparison to the TLR rate of distal IMA graft
lesions because of the small number of events. However, it
is important to clarify that the TLR rate at the anastomostic
site, where 63% (n ⫽ 128) of the treated lesions was 7% and
the revascularization rate for PTA-treated lesions at this site
was only 4.3%.
The higher long-term patency and low restenosis rate of
the IMA graft when compared to saphenous vein grafts can
be attributed to an apparent resistance of this vessel to
accelerated atherosclerosis (23). The production of endothelial vasodilators (i.e., nitrous oxide and prostacyclin) by
IMA grafts, platelet-to-vessel wall interaction, as well as
different contractile and proliferative characteristics of their
smooth muscle cells, may play an important role in proliferative graft disease, and therefore in graft patency rates
Table 5. One-Year Follow-up Results

Death
MI
Q-wave MI
Non–Q-wave MI
TLR
Percutaneous
Surgical

Total
(%)

Stent
(%)

PTCA
(%)

4.4
2.9
0.7
2.2
7.4
6.4
1.0

10.0
5.0
0
5.0
15.4
12.8
2.6

3.5
2.5
0.8
1.7
5.5
4.9
0.5

MI ⫽ myocardial infarction; TLR ⫽ target lesion revascularization.
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(24 –26). A recent study showed that smooth muscle cells
from IMA have less pronounced growth activity in response
to serum or platelet-derived growth factor-BB (PDGF-BB)
than vein grafts, despite a normal PDGF receptor expression and function (27).
Furthermore, cyclin-dependent kinase inhibitors (p27Kip1
and p21Cip1), which cause cell cycle arrest in cultured cells in
G1, are less downregulated in IMA grafts when compared
to vein grafts, therefore diminishing smooth muscle cell
proliferative response in IMA grafts (27). Differential
growth properties of smooth muscle cells in vessels with
different biological and molecular mechanisms—as well as
the fact that IMA anastomotic lesions most likely represent
scar tissue, compared to vein graft or native coronary lesions
that are predominantly atherosclerotic plaque—may account for the difference in proliferative vascular response
between IMA grafts and vein grafts, and possibly on the
restenosis process after PTA in these vessels (28).
Study limitations. The present study was a retrospective
analysis; therefore, the results and the conclusions are
subject to the limitations inherent in all such reports.
Operator evaluation of each individual case and the selection of stenting versus PTA based on vessel size and lesion
location were subjective, predicated on the general guidelines outlined in the Methods section. Patients did not
undergo routine follow-up angiography to assess accurately
the restenosis/reocclusion rates, which may be silent, particularly in patients who had initially presented with a totally
occluded graft. Finally, the relatively small number of
patients who underwent stenting did not allow for a formal
comparison between the two treatment strategies, especially
for patients who underwent treatment at the ostial site,
where there seems to be arithmetically lower restenosis with
stenting.
Conclusions. Percutaneous revascularization of the IMA
graft can be performed with high procedural success and low
rate of in-hospital complications and is associated with
excellent long-term outcome. The TLR rate appears to be
lower than in either native coronary arteries or saphenous
vein grafts.
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