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Objectives. The purpose of this review is to assess the value and
limitations of balloon angioplasty for the treatment of saphenous
vein bypass graft obstructions. The potential efficacy of new
Interventional techniques is discussed.

Background. Treatment of ischemia due to saphenous vein
bypass graft obstructions poses a difficult problem that will be
encountered more often as the pool of surgically treated patients
continues to accumulate. Reoperation is technically demanding
and is associated with high mortality and morbidity rates. Balloon
angioplasty may provide a suitable alternative.

Methods. The review proposes a classification of patients with
attempted saphenous vein graft angioplasty according to expected
early and late outcome based on the data obtained from the
relevant published data and personal experience.

Results. Angioplasty of a nonocclusive obstruction in a saphe-
nous vein bypass graft has an initial success rate of approximately
90% and is a safe procedure (procedural death rate <1%,
myocardial infarction rate <4%). The overall average restenosis
rate is 42%. Surgical standby is limited and technically difficult.
Angioplasty of chronic total occlusions in old grafts is associated

The management of recurrent ischemia in patients who have
had previous saphenous vein bypass graft surgery poses a
serious, difficult problem. Recurrent 1schemia occurs not
only because of attrition of the saphenous vein grafts but
also because of progression of coronary artery disease 1n the
native coronary arteries. The attrition rate 1s 15% to 20%
during the Ist year after operation; between 1 and 6 years
after operation, it 1s 1% to 2%/year and between 6 to 10 years
after surgery the rate 1s 4%/year (1-8). By 5 years, about
45% of the grafts are occluded (3,7). Progression of native
coronary artery disease occurs in approximately 5% of the
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with poor initial and long-term results. The long-term clinical
results are unfavorable because of the continuing progression of
disease in nontreated vein graft segments and native coronary
arteries, in addition to the high restenosis rate. New techniques,
although promising, have shown neither better initial results nor
reduction of restenosis. Stent placement may be useful in longer
graft lesions containing friable material.

Conclusions. Patients may be classified into three groups
according to expected early and late outcome on the basis of
1) unfavorable graft anatomy, 2) risk of cardiogenic shock in event
of acute graft closure, and 3) age of grafts. The three groups are
1) those with an initial high success, low procedural risk and low
restenosis rate; 2) those with an initial high success but high
procedural risk and moderate to high restenosis rate; and 3) those
with a low success, high risk and high restenosis rate. Balloon
angioplasty to treat lesions in venous bypass grafts should be
considered a palliative procedure, not a long-term solution, for
ongoing progression of coronary artery and vein graft disease.

The induced high restenosis rate remains a significant problem.
(J Am Coll Cardiol 1993,21:1539-49)

patients/year after operation (8-11). Symptoms recur or
progress in about 5% of patients/year, and it has been
estimated that 10% to 15% of the patients will require a
repeat operation within 10 years after the initial procedure
(11-15). However, currently improved surgical techniques in
combination with administration of aspirin and risk factor
modification have improved the early graft attrition rate and
may lessen long-term attrition (16). Despite improved surgi-
cal results, it may be expected that the number of patients
with recurrence of ischemia will increase because the pool of
surgically treated patients continues to accumulate.
Reoperation is technically more difficult to perform and 1s
associated with a rather high mortality rate (3% to 6.5%) and
a high perioperative myocardial infarction rate (3.4% to
11.5%), and the likelihood of complete relief of symptoms 1s
less than with a first operation (11-16). These factors have
stimulated the search for an alternative treatment.
Gruentzig et al. (17) reported as early as 1979 that vein
graft angioplasty was successful in five of seven attempts.
However, three of five grafts demonstrated restenosis during
follow-up, and Gruentzig suggested that the *‘different kind
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of disease’’ in the bypass graft may have explained the high
recurrence rate in graft stenosis. Since then, many studies
concerning angioplasty of lesions in saphenous vein grafts
have been reported.

In this article we review the reported data and discuss the
indications and the initial and late results of angioplasty of
saphenous vein bypass grafts. We also briefly discuss the
role of new techniques including stents, directional and
extractional atherectomy and laser angioplasty.
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Figure 1. Histologic cross section of a
9-month old saphenous vein bypass graft
showing severe lumen narrowing due to con-
centric intimal thickening (arrows) consisting

of fibrocollagenous tissue. Elastic-van Gieson
stain X235, reduced by 29%.

Pathoanatomy of saphenous venous grafts. The patho-
physiologic mechanisms underlying graft failure can arbi-
trarily be distinguished into those occurring early, within 1
year and late after operation. In each period one assumes a
specific predominant pathogenetic mechanism, although one
must bear in mind that the different pathologic processes
may occur in a continuous fashion and overlap in time
(18,19).

Graft occlusion early after operation 1s usually associated

Figure 2. Saphenous vein (V)-
coronary artery (A) anastomo-
sis, 2 years after coronary by-
pass surgery, showing intimal
thickening (I) and occlusive
thrombus (yellow). Elastic-van

Gieson stain %25, reduced by
29%.
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Figure 3. Six-year old saphenous vein bypass graft show-
ing severe lumen narrowing by a classical atherosclerotic
plaque; fatty debris (yellow) is covered by a fibrous cap
(FC) (lumen, arrow). Elastic-van Gieson stain X235, re-
duced by 29%.

with acute thrombosis (18,19), possibly attributable to har-
vesting and handling of the vein or to failure of surgical
techniques at sites of anastomosis (20).

Fibrointimal hyperplasia is the dominant feature 1 to 12
months after operation (20-22). The cells of fibrointimal
hyperplasia resemble smooth muscle cells and some cells
may have a foamy cytoplasmic appearance (21). Focally
stenotic lesions produced by this process appear particularly
amenable to dilation.

In the late postoperative period, fibrointimal hyperplasia

Figure 4. Four-year old saphe-
nous vein bypass graft showing
a concentric fibrous intimal
thickening and an eccentric ath-
erosclerotic plaque with fatty
debris separated from the lumen
(L) by a very thin fibrous cap
(arrows). Elastic-van Gieson
stain X235, reduced by 29%.

DE FEYTER ET AL. 1541
BALLOON ANGIOPLASTY FOR VEIN GRAFT LESIONS

at first remains the dominant feature, but gradually athero-
sclerotic lesions become more frequent (Fig. 1 and 2) (19).
The fibrointimal lesion gradually diminishes its cellulanty,
and the smooth muscle cells are replaced by fibrous tissue
and the matrix is increased. With time, there appears to be
an increase in the number of foam cells within the intima.
The development of atherosclerosis in the aortocoronary
vein grafts is an important factor in late graft stenosis and
occlusion (23-32). The atherosclerotic process proceeds to a
fully developed complex atherosclerotic plaque (Fig. 3), and
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Table 1. Initial Results of Angioplasty of Saphenous Vein Grafts

Reference Clinical Success
= Pts
First Author (no.) Year (no.) No. %
Douglas (34) 1983 62 58 94
El Gamal (35) 1984 44 41 93
Block (36) 1984 40 31 78
Corbelli (37) 1985 35 31 89
Reeder (38) 1986 19 16 84
Douglas (39) 1986 235 216 92
Cote (40) 1987 82 70 85
Ernst (41) 1987 33 32 97
Dorros (42) 1988 53 44 83
Reed (43) 1989 54 47 90
Cooper (44) 1989 24 18 75
Platko (45) 1989 10] 90 90
Webb (46) 1990 140 119 85
Meester (47) 1991 84 69 82
Plokker (48) 1991 454 408 90
Reeves (49) 1991 57 47 83
Total 1,337 88

1,571
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Procedural Complications

Death

MI Embolization Urgent CABG

(%) (%) (%) (%)
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2 9 7 2
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*Fifteen of 16 patients had non-Q wave infarction. CABG = coronary artery bypass grafting; MI = myocardial infarction; NR = not reported; Pts = Patients.

rupture of the plaque leads to a superimposed thrombotic
occlusion (23,24). The plaques are often large, fragile and
ulcerated and the graft may show aneurysmal dilation
(25,26).

There 1s still some controversy as to whether venous graft
atherosclerosis differs from coronary atherosclerosis. Some
investigators (28,29) suggest that vein graft lesions contain
more foam cells, and that they exhibit an inflammatory
reaction with foreign body giant cells. This process under-
mines the thickened intima, so that the fibrous cap 1s
weakened (Fig. 4) (28). One study (29) demonstrated lack of
a fibrous cap. This thinning and weakening of the fibrous cap
may explain the greater propensity of venous plaque rupture
and thrombosis. The propensity of thrombus formation in
veln grafts 1s enlarged because the lack of side branches, the
large diameter of vessels and consequently low flow veloci-
ties may contribute to platelet aggregation and thrombus
formation. These factors may explain the frequent occur-
rence of thrombotic complications or embolization of mate-
ral during balloon angioplasty. However, other investiga-
tors (18,19,26,30-32) believe that atherosclerosis vein graft
disease 1s not different from arterial atherosclerosis.

Immediate results of angioplasty for saphenous venous
bypass grafts. Ford et al. (33) reported a small series of
seven patients of whom six underwent successful dilation.
Since then, many centers have reported their initial results of
angioplasty of saphenous vein grafts. Only the updated latest
reports for each center are presented in Table 1.

The 1nitial success rate varies from 75% to 94%, with a
combined overall success rate of 88%. The major complica-
tion rate i1s low, with a procedure-related death rate of <1%,
a myocardial infarction rate of =4% and a need for urgent
coronary bypass graft surgery of <2%. The remarkably low

tendency to abrupt occlusion and the relatively high success
rate are probably due to the absence of side branches and
tortuosity. The risk of embolization of friable, thrombotic
material into the native circulation 1s <3%. Embolism usu-
ally occurs during attempted angioplasty in older grafts, with
long diseased segments containing friable, thrombotic le-
sions. The 1nitial success rate depends on the site of dilation
(Table 2). The overall combined initial results of dilation of
the proximal site 1s 87%, of the graft body 94% and of the
distal site 90%. These rates appear to be similar except for a
slightly lower success rate for dilation at the proximal site.
The high success rate and low complication rate reflect the
careful selection of patients. Difficult lesions with potential
high risk, such as long diffuse lesions or ulcerated, throm-
botic, friable lesions, were probably excluded from these
series.

Table 2. Initial Success Rate of Dilation of Saphenous Vein
Grafts at Different Sites

Site of Graft Dilation (no. of lesions)

Reterence Proximal Body Distal
First Author (no.) Year No. % No. % No. %
Douglas (34) 1983 5 80 23 96 34 94
Dorros (50) 1984 12 84 8 88 13 69
Corbelli (37) 1985 26 88 7 100 14 93
Pinkerton (51) 1988 36 94 29 90 35 94
Cooper (44) 1989 9 56 3 67 12 92
Platko (495) 1989 53 89 24 100 30 93
Webb (46) 1990 47 80 39 86 56 89
Meester (47) 1991 28 86 33 97 32 81
Total 216 86 162 93 226 90
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Table 3. Restenosis After Successful Angioplasty of Saphenous Venous Grafts

Angiographic Restenosis by Graft Site
Completeness of -
Reference Pts Definition of Restenosis Angpiographic — (HOM
First Author (no.) Year (no.) (% lumen narrowing) Follow-Up (%) Proximal Body Distal All Sites
Douglas (34) 1983 41 NR NR 1/2 9/17 4/22 14/41 [34]
El Gamal (35) 1984 16 >50 61 1/2 512 2/3 7/17 [41]
Block (36) 1984 22 >50 71 NR NR NR 12/22 [55]
Dorros (50) 1984 26 NR NR 8/10 2/7 2/9 12/26 [46]
Reeder (38) 1986 16 >3() 100 2/3 3/5 3/8 8/16 [50]
Douglas (39) 1986 130 NR NR 11/14 40/65 10/51 61/130 [47]
Cote (40) 1987 26 >50) 70 3/9 5121 2/13 10/43 [23]
Dorros (42) 1988 25 NR 57 3/5 3/7 4/13 10/25 [40]
Pinkerton (51) 1988 23 NR 92 1/3 3/5 6/15 10/23 [44]
Platko (45) 1989 49 >50 56 21/42 9/20 10/24 40/86 [47]
Meester (47) 1991 59 >50) NR NR NR NR 13/59 [22]
Reeves (49) 1991 45 >50) 93 711 20/32 5/14 32/57 [56]
Total 478 58/101 99/191 48/172 229/545
[58] [52] 28] [42]

NR = not reported; Pts = Patients.

Restenosis after successful dilation of saphenous vein
grafts. The restenosis rate (defined as >50% lumen diameter
narrowing in the majority of the reported studies) after
initially successful angioplasty depends highly on the site of
dilation within the graft (Table 3). Ostial or very proximal
graft lesions tend to have a very high restenosis rate (58% on
average). The restenosis rate of the body of the graft 1s 52%
and the restenosis rate in the distal, anastomotic part of the
graft is 28%. The overall combined restenosis rate is 42%.
These data probably overestimate the true incidence of
restenosis because not all asymptomatic patients are restud-
ied. The angiographic completeness of follow-up varied from
56% to 100% in the reported studies (Table 3).

In native coronary arteries, the restenosis process takes
place in the majority of the patients within 6 months after
angioplasty. It i1s not known whether the restenosis process
in venous bypass grafts 1s similar, but data reported by
Douglas et al. (52) suggest that the interval 1s longer. In
follow-up studies of 599 patients with successful angioplasty,
restenosis was found in 32% of dilated lesions within 6
months of operation in 43% by 6 months to 1 year, in 61% by
] to 5 years and 1n 64% after 5 years.

Long-term follow-up after angioplasty of saphenous vein
bypass grafts. The long-term outcome of patients selected
for angioplasty of a saphenous vein bypass graft is influenced
not only by the restenosis rate and rate of progression of
disease in the native arteries but also by the extent of the left
ventricular dysfunction. The frequency of late death, myo-
cardial infarction and recurrence of angina is listed in Table
4. The wide range of rates reflects the differences in patient
selection and duration of follow-up. It appears that the
clinical event rate is significantly higher if the graft 1s older.
The clinical event rate was 64% in grafts >36 months old and
33% 1n grafts <36 months old (45).

Plokker et al. (48) reported that, after a follow-up period
of 5 years, 74% of 454 patients were alive and only 26% of
the patients were alive and event free (no myocardial infarc-
tion, no repeat bypass surgery or repeat angioplasty) (Fig.
5). The interval between angioplasty and bypass surgery was
a significant predictor for S-year event-free survival. The
event-free survival rates for patients who had bypass surgery
| year before, between 1 and 5 years and 5 years after bypass
surgery were 45%, 25% and 19% respectively. The late
mortality and late myocardial infarction rates are expected

Table 4. Long-Term Results After Immediate Successful Graft Lesion Angioplasty

Reference Myocardial Recurrence
Mortality Infarction of Angina Follow-Up Months
First Author (no.) Year Pts (no.) (%) (%) (%) (mean * SD)
Cote (40) 1987 82 23 0 29 21 2
Reed (43) 1989 50 2 2 52 23 = 11
Platko (45) 1989 87 I1:5 20 47 17 = 14
Webb (46) 1990 119 7.6 [ 19* 33+ 26
Reeves (49) 1991 50 4 4 54 32
Meester (47) 1991 69 1.5 10 42* 25
Plokker (48) 1991 454 22 NR NR 60

*These patients underwent a second operation or a second angioplasty procedure. Abbreviations as in Table 3.



1544 pDE FEYTER ET AL.
BALLOON ANGIOPLASTY FOR VEIN GRAFT LESIONS
100%
E:
2 80% \ |
(7
: 74
2T 6o% I
eic 58%
Bl
E W
o5
> 40% i
= TVl o
g 28%
E 20% | | Death Il no reCABQG
Il no AMI IV no rePTCA
0‘ | | | | | i ] | i |
0 8 12 18 24 30 36 42 48 54 80
Months

Figure 5. The cumulative probability of survival of 454 patients
followed up for 5 years. I = survival; II = survival without acute
myocardial infarction (AMI); III = survival without acute myocar-
dial infarction and without repeat coronary artery bypass grafting
(reCABG), and IV = survival without any cardiac event (death,
acute myocardial infarction, coronary artery bypass grafting or
repeat coronary balloon angioplasty (rePTCA). Reproduced, with
permission, from Plokker et al. (48).

to be high because often these patients present with end-
stage coronary artery disease. In these patients, angioplasty
should be considered a palliative treatment and one should
not expect a beneficial effect on late mortality.

Balloon angioplasty of early (within 1 year) occlusion of
saphenous vein bypass grafts. Graft occlusion occurring
within 1 month after operation is almost always associated
with graft thrombosis (18-20,24,27). Technical factors, such
as stenosis at surgical anastomotic sites or intraoperative
vein trauma or poor distal runoff due to severely diseased
native arteries, play a role and limit the possibilities of
immediate and sustained beneficial effect of angioplasty.

Graft occlusion occurring between 1 month and 1 year
after operation 1s characterized by lesions consisting of
fibrointimal hyperplasia with superimposed occlusive throm-
bosis (18-21,24,27,28,30). These occlusions are predomi-
nantly focal, not associated with diffuse vein graft disease,
and usually the thrombotic component of the occlusion 1s not

JACC Vol. 21, No. 7
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extensive. They appear to be amenable to successful perfo-
ration and dilation.

Balloon angioplasty of chronic totally occluded saphenous
vein bypass grafts >1 year after operation. The underlying
pathoanatomy plays an important role in the expected suc-
cess rate of angioplasty of a chronic totally occluded graft.
Late occlusions (1 to 3 years postoperatively) are usually
associated with focal atherosclerosis with occlusive throm-
bosis (18-21,24,27,28,30). These lesions may be amenable to
successful perforation and dilation without increased risk of
thrombotic embolization. Older occlusive obstructions are
often composed of large, ulcerated plaques containing friable
thrombotic material. The chronic total occlusions are often
extended over a long segment of the graft and are often
associated with diffuse graft disease. Obviously, perforation
and dilation of these chronic occlusions may be unsuccessful
or even harmful because of dislodgment of material into the
native coronary circulation with ensuing myocardial infarc-
tion.

The safety and results of angioplasty in occluded grafts
are controversial. de Feyter et al. (53) reported in 13 patients
with chronically totally occluded old degenerated grafts that
attempts to recanalize the graft expose the patient to a high
risk of embolization and, even if it 1s possible to reopen the
graft, it frequently reoccludes. In their study only 1 of 13
patients had a long-term success, and the procedure was
complicated by a myocardial infarction in 5 patients (Table
5). Apparently, the presence of large amounts of thrombotic
material and its dislodgment are the main causes of low
success and high complications with balloon angioplasty.
These results contrast highly with a recent report of Kahn et
al. (54), who reported a 83% success rate (64 of 82 patients)
with a 1.5% in-hospital death rate, 3% myocardial infarction
rate and no urgent bypass surgery. However, at 3-year
follow-up study, only 33% of the patients had had no repeat
angioplasty or bypass surgery. The difference in immediate
results between the two reports may be explained by difter-

ences in patient selection. Results in short occluded seg-
ments of grafts with a reasonably normal angiographic

Table 5. Coronary Angioplasty of Chronic Totally Occluded Vein Grafts

[nitial Procedural

Reference e Complicati

—  Duration of Occlusion Mean Age of All Clinical M Long-Term Late Late
First Author (no.) Year (mo) Grafts (yr) Pts Success Death  MI Success Death MI

Angioplasty Alone
de Feyter (53) 1989 3to6 6+ 4 13 7 0 5 ] 0 0
Urokinase + Angioplasty

Sievert (55) 1988 0.5 to 4 0.2 to 3.6 7 6 0 0 4 0 0

Hartmann (56) 1991 0.5t06 7 (range 1 to 13)  46* 367 0 2 22 4 0

Levine (57) 1992 NR NR 10 6 2 2 0 0 1

*Eight patients had acute non-Q wave infarction. TTwenty patients had a repeat angiogram; seven had an occluded graft. Unless otherwise indicated, data

are expressed as number of patients. Abbreviations as in Table 1.
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Figure 6. A, Diffuse disease 7 years after bypass graft implantation
in the left anterior descending artery. B, Immediate result after
implantation of two overlapping stents (Wall stent).

appearance are probably better than those in long occluded
segments of degenerated vein grafts.

Pretreatment of chronic total occlusion with urokinase
followed by angioplasty. Dissolving thrombus in chronically
occluded grafts with a short infusion of urokinase dramati-
cally improved the short- and long-term results of angio-
plasty (Table 4). Sievert et al. (55) showed that, after

Table 6. Stent Implantation in Venous Bypass Grafts
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pretreatment with urokinase, six of seven patients had
successful recanalization, and four patients had long-term
success. Hartmann et al. (56) also showed good results with
long-term urokinase infusion (range 7.5 h to 77 h [mean 31])
followed by angioplasty. Recanalization was achieved more
easily in patients with a short estimated duration of occlu-
sion. The price for this treatment was the occurrence of a
significant hematoma in 22% of the patients and a long stay
In a coronary care unit. Unfortunately, the reocclusion/
restenosis rate was rather high, and success was sustained in
48% (22 of 46) of the patients during 1 to 24 (mean 11) months
of follow-up. Levine et al. (57) demonstrated that patency
was achieved in 8 of 10 patients. However, two patients died
and two had embolic myocardial infarction, and no patient
was free of reocclusion, myocardial infarction or death
during a follow-up period of an average of 13 = 6 months.

Identification of risk factors for unfavorable outcome.
Variables predictive of unfavorable initial results. Factors
that predict a poor initial result included 1) diffuseness of
saphenous vein graft disease (40); 2) attempted angioplasty
of stenoses in grafts >4 to 6 years old (45,46); 3) chronic
totally occluded grafts (13); and 4) the presence of intravein
graft thrombus (49). The presence of one or more of these
variables 1s associated with a high frequency of major
complications (death, myocardial infarction and need for
urgent bypass surgery), often due to embolization of friable
material into the coronary circulation or the occurrence of
abrupt occlusion with thrombosis formation.

Variables predictive of late restenosis. These include
1) lesions in old (>36 months) grafts (restenosis rate 83% vs.
42%) (45); 2) multiple lesions, diffuse graft disease and total
occlusion (100% vs. 38%) (49); 3) small diameter (<2.2 mm)
of the grafted coronary artery (78% vs. 27%) (58); 4) length
of stenosis >10 mm) (62% vs. 12%) (58); and 5) dilation of
lesion at the proximal site and body of the graft (Table 3).

Limitations of surgical backup. In many centers the avail-
ability of immediate surgical backup is considered a prereg-
uisite for performing angioplasty. Although emergency op-
eration for acute ischemia may not totally eliminate the
development of myocardial infarction, there 1s evidence that

In-Hospital Complications

Reference o i :
Pts Implantation Clinical Embolization/ Serious
First Author (no.) Year (no.) Success Success Death Ml CABG Bleeding Restenosis
Wall stent
Urban (62) 1989 13 95 95 0 0 0 15 36
de Scheerder (64) 1992 69 100 87 4* 7 6 33 47
Palmaz-Schatz stent
Pomerantz (6)) 1991 54 100 100 0 0 0 NR 21
Leon (66) 1991 192 98 97 [.6 1.0 1.6 NR 26
Flexible coil stent
Bilodeau (61) 1992 37 100 86.5 0 13.57 0 21.6 35

*Some patients who died are also listed in other groups. TAll acute myocardial infarctions were seen in patients treated with stenting for dissection or
threatened closure. Unless otherwise indicated, all data are expressed as percent of patients. Abbreviations as in Table 1.
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Figure 7. Actuarial event-free survival of 145 patients followed up
for up to 20 months after stent implantation in a bypass graft. The
curves (from upper to lower) represent freedom from death (DTH)
alone; death plus myocardial infarction (MI); death, myocardial
infarction plus coronary bypass surgery (BYP); and death, myocar-
dial infarction, coronary bypass surgery plus angioplasty or atherec-
tomy (PT). Reproduced, with permission, from Strauss et al. (67).

prompt revascularization does limit the damage (59). The
time between the onset of 1schemia and revascularization
determines the outcome (60). The 1schemic period during
reoperation 1s considerably prolonged because immediate
access to the heart 1s hampered by the fibrosis of the
previous operation, which may require considerable time to
dissect free the heart. This inevitable delay limits the poten-
tial of revascularization to reduce myocardial damage. If
possible, bailout techniques, such as use of autoperfusion
catheters, should always be used in these situations. Stent
implantation for threatened closure has produced satisfac-
tory results (61).

This expected time delay should be considered when
counseling a patient. It would be prudent to refer a patient
for reoperation if, for instance, abrupt closure of a lesion
would lead to acute heart failure due to the large area of
myocardium at risk.

New interventional techniques for treatment of saphenous
vein bypass grafts. Stent implantation. The intracoronary
stent was the first of the new interventional techniques to be

Table 7. Initial Results of New Devices for Treatment of Lesions of Saphenous Vein Bypass Grafts
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applied in bypass graft angioplasty. Shortly after the intro-
duction into the native coronary artery system, stents were
also implanted in bypass grafts (Fig. 6) (62-64). The imme-
diate angiographic and implantation success rate 1s ex-
tremely high (=95%, Table 6) (61,62,64-66). However, early
experience was associated with an unacceptable high
incidence of subacute thrombosis and serious bleeding com-
plications. Increased operator experience and meticulous
anticoagulation resulted in a substantial decrease in compli-
cations (64-66). Unfortunately, the incidence of restenosis
does not seem to have been reduced (Table 6). One detailed
study on restenosis after Wall stent implantation in venous
bypass grafts reports an incidence of restenosis of 39%
according to the 50% diameter stenosis criterion (67). The
restenosis rate was 35% after implantation of a flexible coil
(61) and <28% after implantation of a Palmaz-Schatz stent
(68). Restenosis occurred more frequently after Wallstent
implantation in bypass grafts than in stented native coronary
arteries (69). The rates were similar in grafts and native
arteries after Palmaz-Schatz stent implantation (68).
Whether the better results obtained with the Palmaz-Schatz
were due to the more favorable features of this stent or to
improved periprocedural pharmacologic management or dif-
ferent patient selection 1s unknown.

The long-term clinical follow-up results of Wallstent
implantation in bypass grafts collected from 145 patients of
six European centers 1s shown in Figure 7 (67). The actuanal
event-free survival (freedom from death, myocardial infarc-
tion, bypass surgery or angioplasty) for bypass graft patients
was 37% at 20 months with an overall mortality rate of 9%.
About 30% of the adverse events were unrelated to the
stented lesion and were due to worsening of different lesions
or to development of new lesions (64,67).

Atherectomy: directional and extractional. The use of
directional atherectomy in saphenous venous bypass grafts
was feasible and successful in >90% of patients (Table 7)
(65,70,71). The complication rate was acceptable, but one
can imagine that the use of such a bulky device 1n case of

Reference

Complications

- Pts Clinical .
First Author (no.) Year (no.) Success Death MI Emergency CABG Embolization Restenosis

Directional Atherectomy

Kaufmann (70) 1990 14 93 7ha I 0 7 63

Pomerantz (65) 1991 29 93 0 0 0 7 3]

Selmon (71) 1991 76 91 0 9.2 I3 1123 60
Extractional Atherectomy

Meany (72) 1992 278 89 0.3 0.3 0.7 3.5 53

Excimer Laser
Untereker (73) 1991 225 97 0.4 4.4 0.8 4.4 61

*One patient crossed over to coronary angioplasty. The procedure was complicated by abrupt closure, necessitating emergency coronary artery bypass

grafting; eventually the patient died.
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friable, thrombotic lesions easily embolizes material. Prelim-
inary data suggest that the restenosis rate is also high.

Extractional atherectomy of vein graft lesions was suc-
cessful in 89% of patients (Table 7) (72). The complication
rate was low and the restenosis rate was 53%. It is conceiv-
able that the use of this device in vein grafts containing much
material 1s safe and i1s associated with a higher success rate
and decreased risk of embolization due to the suction,
extraction and removal of material with this device, although
embolization occurred in 3.5% of patients.

Excimer laser angioplasty. In an initial experience in-
cluding 225 patients (Table 7), it was shown that excimer
laser angioplasty can be performed safely and effectively
(73). A success rate of 97% was achieved in lesions in older
saphenous vein grafts; however, the preliminary reported
restenosis rate of 61% was rather high.

Conclusions. Currently sufficient data are lacking to es-
tablish the merits of reoperation and balloon angioplasty to
treat obstructions in venous bypass grafts. The published
results on reoperation and balloon angioplasty should not be
compared because of differences in patient selection, and
firm conclusions about the superiority of one treatment
above the other should not be drawn. A review of the
published data indicates that in selected patients balloon
angioplasty may be the preferred strategy and, in case of
inoperability, it 1s the only strategy.

Angioplasty of nonocclusive obstructions in venous by-
pass grafts 1s safe and the success rate is high. The high
restenosis rate adversely affects the long-term results. The
immediate and long-term results of angioplasty for chronic
total occlusion 1n old grafts are poor.

Patients considered for saphenous vein graft angioplasty
may be classified into three groups according to expected

Table 8. Classification of Patients With Attempted Saphenous

Vein Graft Angioplasty According to Expected Early and
Late Outcome

A. Success Rate >90%, Complication Rate <2%, Restenosis Rate 30%

Focal, short lesion

Graft <4 to 6 years old
Single graft

Distal part sequential graft
Lesion at distal site

B. Success Rate >90%, Complication Rate <5%,
Restenosis Rate 45% to 50%

Long lesion
Graft >4 to 6 years old
Diffuse vein graft disease
Intragraft thrombus

Proximal part sequential graft
Lesion at proximal site
Lesion at body

C. Success Rate <50%, Complication Rate >10%, Restenosis Rate >60%

Chronic totally occluded old vein graft
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early and late outcome: 1) those with an initial high success,
low procedural risk and low restenosis rate; 2) those with an
initial high success but high procedural risk and moderate to
high restenosis rate; and 3) those with a low success, high
risk and high restenosis rate (Table 8).

New techniques have shown to be promising and stent
placement, in particular, may be useful to ‘‘tack’’ friable
material. However, definite conclusions concerning the mer-
its of new techniques must await finalization of ongoing
randomized trials. Balloon angioplasty is a palliative proce-
dure, not a long-term solution in patients previously oper-
ated on, who often present with late-stage coronary artery
disease. The high restenosis rate is a serious limitation of
balloon angioplasty.
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