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Introduction and objectives. Percutaneous interven-
tions on saphenous vein grafts are associated with a wor-
se outcome than in native vessels, mainly because of the
risk of embolization. Direct stenting may diminish aggres-
sion to the vessel. This study reports the results of direct
stenting in saphenous vein grafts.

Patients and method. We compared 2 cohorts of con-
secutive patients treated with direct stenting (DS) and
stenting with predilatation (PD) in saphenous vein grafts
between September 1998 and March 2003. In-hospital
and long-term results and predictors of mortality were
analyzed.

Results. The DS group contained 71 patients with 83
lesions, and the PD group contained 46 patients with 54
lesions. There were no differences in age, risk factors,
age of the graft, ejection fraction, stent length, need for
postdilatation or number of stents per lesion, although the
DS group contained more women (DS=38%, PD=17%, 
P=.02), and stent diameter was larger (DS=3.59 [0.59]
mm, PD=3.21 [0.59] mm; P=.001) in the DS group. Crea-
tine phosphokinase elevation was ≥2-fold in 10% (DS=
7%, PD=16%; P=.1). One patient died in the hospital. Me-
dian follow-up time was 36.1 months. Survival was 94±
2% at 12 months, 87±3% at 24 months, 82±17% at 36
months, 67±8% at 48 months, and 58±7% at 60 months.
Revascularization rate was 14% for the target lesion and
20.5% for the target vessel, with no differences between
groups in mortality or revascularization success rate. Pre-
dictors of mortality were ejection fraction and smoking 
habit.

Conclusions. Survival after stenting in saphenous vein
grafts is similar with direct and conventional techniques,
although there was a tendency toward a lower incidence
of myocardial infarction with the former. Although the in-
hospital results were favorable, long-term survival was
less favorable with both techniques.

Key words: Stent. Coronary angioplasty. Revasculari-
zation.
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Resultados inmediatos y a largo plazo

Introducción y objetivos. Las intervenciones percutá-
neas en los injertos de vena safena se asocian con peo-
res resultados que las efectuadas en los vasos nativos,
fundamentalmente por el riesgo de embolización. El sten-
ting directo puede disminuir la agresión sobre el vaso. Se
estudian los resultados del stenting directo en las safenas.

Pacientes y método. Se comparan 2 cohortes de pa-
cientes consecutivos con implante de stent en las safe-
nas mediante técnica directa (SD) y predilatación (PD) re-
alizado entre septiembre de 1998 y marzo de 2003. Se
analizan los resultados intrahospitalarios y a largo plazo y
los predictores de mortalidad.

Resultados. Se utilizó la SD en 71 pacientes con 83 le-
siones y la PD en 46 pacientes con 54 lesiones. No hubo
diferencias en cuanto a la edad, los factores de riesgo, la
edad del injerto, la fracción de eyección, la longitud del
stent, la situación posdilatación y número de stents por le-
sión, aunque sí en las mujeres (SD en el 38% y PD en el
17%; p = 0,02) y el diámetro del stent (SD, 3,59 ± 0,59
mm; y PD, 3,21 ± 0,59 mm; p = 0,001). Se observó una
elevación del doble de los valores normales de la creatinci-
nasa en el 10% de los pacientes (el 7% en el grupo SD y el
16% en el grupo PD; p = 0,1). Se produjo un caso de mor-
talidad intrahospitalaria. La mediana de seguimiento fue de
36,1 meses. La supervivencia global de la serie a los 12,
24, 36, 48 y 60 meses fue del 94 ± 2, el 87 ± 3, el 82 ± 17,
el 67 ± 8 y el 58 ± 7%, respectivamente. La tasa de revas-
cularización de la lesión tratada fue del 14% y la del vaso
tratado del 20,5%, sin diferencias entre los grupos en la
mortalidad y la revascularización. Los predictores de mor-
talidad fueron la fracción de eyección y el tabaquismo.

Conclusiones. La supervivencia después de implante
de un stent en injertos de safena es similar con SD y PD,
aunque se observa una menor tendencia hacia la inci-
dencia de infarto con la primera. Aunque los resultados
intrahospitalarios son favorables, la supervivencia a largo
plazo es menos favorable con ambas técnicas.

Palabras clave: Stent. Angioplastia coronaria. Revas-
cularización.
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INTRODUCTION

Since 1968, when Favaloro1 began revascularization
surgery via aortocoronary bypass grafting, technical
improvements during intervention and postoperative
care have made it possible to obtain positive results in
the short- and long-term.2

As the life expectancy of such patients has increa-
sed, the occurrence of lesions and vein graft degenera-
tion has become one of the main restrictions to this re-
vascularization technique.3 In particular, since the
introduction of the stent, percutaneous coronary inter-
vention (PCI) has become the treatment of choice for
patients with saphenous vein graft lesions to prevent
the risk of further revascularization surgery.3,4 Howe-
ver, angioplasty in vein grafts is associated with worse
outcomes than in native arteries. Balloon angioplasty
has a lower procedural success rate and a high inciden-
ce of restenosis.5 Although the use of stents has impro-
ved these outcomes,6 it is associated with a higher in-
cidence of acute complications than in native arteries.
The incidence of distal embolization and periprocedu-
ral myocardial infarction is still high due to the friable
material in the vein graft lesions.7-12

Since 1998, when Figulla et al13 described their im-
plantation technique without predilatation (direct sten-
ting [DS]), this procedure has undergone gradual deve-
lopment and the type of lesions treated has increased.14

Descriptions of its use in lesions located in saphenous
vein grafts is limited.15,16 The technique could be asso-
ciated with a lower degree of distal embolization and
improved final slow flow, because initial aggression to
the vessel due to predilatation before stenting is avoi-
ded.

The purpose of this study is to compare in-hospital
and long-term outcomes of direct stenting and stenting
with predilatation in saphenous vein grafts, and to
identify the predictors of mortality.

PATIENTS AND METHODS

Lesions and Patients

All the patients who had been treated with stenting
between 1 September 1998 and 31 March 2003 for at
least 1 lesion located in saphenous vein grafts were se-
lected from the intervention registry of the 2 hospitals
participating in this study. The patients were divided

into 2 groups depending on the stenting technique
used, i.e., with and without predilatation. Patients with
lesions treated with both techniques were excluded
from the study. The patients were included in each
group according to the initial procedure, such that if
new revascularization was required and the other tech-
nique was used, they stayed in the original group. De-
mographic and procedural characteristics were obtai-
ned from the hospital registries where they had been
prospectively introduced. All baseline angiographies
and those done after the intervention were analyzed
blindly regarding clinical events by 2 experienced in-
terventional cardiologists. The quantitative analysis
was done offline with a previously validated edge de-
tection system (CAAS II, V4.1.1. Pie Medical Imaging
Maastricht, The Netherlands) in the projection that re-
vealed more severity with the contrast-filled catheter
as the reference.

Procedure

Indications for revascularization included all the
manifestations of coronary disease, including primary
angioplasty. All the stents were premounted on a mo-
norail system. No restrictions were placed on the type
of stent used, the catheter guides (6 or 7 Fr), or the use
of glycoprotein IIb/IIIa inhibitors. Decisions regarding
the stenting technique, the material selected, and the
adjuvant drugs was left to the discretion of the inter-
ventional cardiologist responsible for each case. Follo-
wing the protocol of both centers, heparin was admi-
nistered intravenously to obtain an activated clotting
time of 300 s, or of 250 s when glycoprotein IIb/IIIa
inhibitors were used. When a residual stenosis >20%
persisted which was resistant to high-pressure inflation
with the same balloon, additional dilatation with non-
compliant balloons of the same or greater diameter
was done following the usual protocol of both centers.
All dissections were dealt with by implanting a new
stent.

All the patients had an electrocardiogram (ECG) be-
fore and after the intervention to detect possible new is-
chemic events. In addition, creatine kinase (CK) and its
isoenzyme MB (CK-MB) were measured at 8 h and 24
h after the procedure, following the centers’ protocol.

Definitions

Primary Success of Direct Stenting

Direct stenting without predilatation with balloon or
preparation via atherectomy.

Procedural Success

Obtaining a residual stenosis <20% and TIMI 3
flow in the target vessel in the absence of worse com-

ABBREVIATIONS

PCI: percutaneous coronary intervention. 
DS: direct stenting.



plications such as death or myocardial infarction with
the appearance of new Q waves.

Distal Embolization

Abrupt interruption of filling in 1 of the peripheral
branches of the target vessel, distal to the lesion, follo-
wing the procedure (thrombotic or atheromatous ori-
gin).

Calcification

– Mild: single or multiple image of well-defined
calcium density, nonlinear, located on the target lesion.

– Moderate: image of linear calcium density, located
on one side of the target lesion and non-visible on a
fluoroscopic image snapshot.

– Severe: image of linear calcium density, located
on both sides of the target lesion and visible with fluo-
roscopy even on a snapshot image.

Tortuosity

– Moderate: 2 bends >75 degrees or 1 bend 90 de-
grees proximal to the target lesion.

– Severe: 2 bends >90° proximal to the target lesion.

Thrombus

Radiopaque filling defect visible in multiple projec-
tions surrounded by contrast agent.

Myocardial Infarction

Elevated CK approximately twice the normal value. 

Follow-up

This was done via personal structured interviews at
6 months and at the end of the first year of follow-up.
A telephone call completed the check-up period. In the
case of dead patients, the information to determine the
cause of death and the events occurring before this
was obtained from family members, the referring phy-
sicians and their medical records. Death due to non-
cardiac causes was not recorded as a follow-up event;
such patients were considered to be living patients
who had completed follow-up on the date of the non-
cardiac death.

Statistical Analysis

Continuous variables are expressed as mean ± stan-
dard deviation (SD) and categorical ones as absolute
value and percentage. Student’s t test was used to
compare means and chi-squared test to compare ratios.
All values were evaluated bilaterally and P-values
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≤.05 were considered statistically significant. The Ka-
plan-Meier method was used for survival analysis and
new revascularization in the treated vessel and a log-
rank test to compare both groups. Cox’s regression
analysis was used for the variables that could be clini-
cally associated with a worse prognosis during follow-
up to determine long-term independent predictors of
cardiac mortality in the global series. The data were
analyzed with SPSS version 12.0 for Windows.

RESULTS

During the study period, 137 lesions were analyzed
in 117 patients of which 71 (60%) patients and 83 le-
sions (60%) belonged to the DS group. No significant
differences were found between the 2 groups regar-
ding age, coronary risk factors, previous myocardial
infarction, previous angioplasty, ejection fraction, and
the age of the graft. There were more women and less
use of abciximab in the DS group. Patient characteris-
tics are shown in Table 1.

The angiographic characteristics of the lesions are
shown in Table 2. There were no major angiographic
restrictions to the use of DS (calcification, tortuosity,
and angulation). Lesions in the PD group had more

TABLE 1. Clinical Characteristic of the Patients

(n=117)*

PD (n=46) DS (n=71) P

Percentage of stents in

saphenous vein grafts 40 60 –

Age, years 67±8.5 66.1±9.2 .57

Graft age, months 95±69 114±56 .11

Women, % 17 38 .02

DM, % 43 46 .85

AHT, % 54 64 .33

Dyslipidemia, % 56 66 .33

Smoking habit, % 39 35 .69

Previous AMI, % 45 63 .08

Previous PCI, % 26 32 .53

Ejection fraction, % 51.9±14.7 51.9±15.2 .94

Abciximab, % 30 21 .09

Lesions included, %

1 84 84

2 14 16

3 2 0 –

Indications,%

Stable angina 8 2

Unstable angina 74 71

Primary or rescue 2 2

Others 16 25 –

Diseased vessels, %

1 vessel 2 2

2 vessels 26 13

3 vessels 72 85 –

*DM indicates diabetes mellitus; AHT, arterial hypertension; AMI, acute myo-
cardial infarction; PCI, percutaneous coronary intervention; PD, predilatation;
DS, direct stenting.
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stenosis, smaller minimum luminal diameter, smaller
reference diameter, and a trend toward less TIMI grade
3 flow prior to PCI. All lesions due to restenosis were
treated with DS.

No differences were found between the 2 groups
(Table 3) regarding the success of the procedure. Only
1 patient died before discharge (DS group). This occu-
rred 4 days after the intervention due to an initially un-
noticed retroperitoneal hemorrhage. The other cases in
which the procedure was unsuccessful (1 in the DS
group and 4 in the PD group) were due to a final TIMI
flow <3 despite using adenosine and intracoronary ni-

troprusside. Significant differences were found regar-
ding distal embolization which were more frequent in
the PD group. There was a trend toward a greater fre-
quency of non-Q wave myocardial infarction in the PD
group, but this did not reach statistical significance.
Outcomes by lesion are shown in Table 4.

Median follow-up time was 36.1 months (mean,
35.1±19.3). Clinical follow-up was successfully com-
pleted in 99% of the patients. Three patients from each
group died from non-cardiac causes (2 strokes, 3 ma-
lignant tumors, and 1 aneurysm of the abdominal aor-
ta). Fifteen patients from the DS group died from car-
diac causes: 1 after heart transplantation, 2 due to
cardiogenic shock in hospital, and the rest from
myocardial infarction and/or sudden death at home.
Eleven patients in the PD group died from cardiac cau-
ses: 1 from cardiogenic shock in hospital and the rest

TABLE 2. Characteristics of the Lesions (n=137)*

PD (n=54) DS (n=83) P

Treated vessel, % –

Saphena, AD 30 41

Saphena, diagonal 5 5

Saphena, OM 28 31

Saphena, RC 37 23

Calcification, % 0 0 .4

Tortuosity, % 0 0 .4

Angulation, % 0 0 .4

ACC/AHA, % –

A 0 0

B1 6 22

B2 72 64

C 22 14

TIMI<3 pre-PCI, % 8 3 .1

Restenotic lesion, % 0 5 .15

Reference diameter, mm 3.35±.67 3.78±.69 .001

Previous stenosis, % 85±11.8 80.4±11.7 .04

MLD pre-PCI, mm .36±.05 .48±.05 .003

Length, mm 10.9±5.8 11.5±4.8 .51

Thrombus, % 24 30 .52

Location, % –

Ostial 11 7

Proximal 26 31

Average 20 42

Distal 15 3

Distal anastomosis 28 17

*ACC/AHA indicates American College of Cardiology/American Heart Associa-
tion; RC, right coronary; AD, anterior descending; PCI, percutaneous interven-
tion; MLD, minimum luminal diameter; PD, predilatation; DS, direct stent; OM,
obtuse marginal.

TABLE 3. In-Hospital Clinical Results*

PD (n=46) DS (n=71) P

Success of the procedure, % 91 96 .43

AMI†, % 16 7 .15

Acute occlusion, % 0 0 .40

Re-PCI, % 0 0 .40

Revascularization surgery, % 0 0 .40

Death, % 0 1 1

*AMI indicates acute myocardial infarction; PCI, percutaneous coronary inter-
vention; PD, predilatation; DS, direct stenting.
†AMI with elevated creatine kinase ≥twice the normal value.

TABLE 4. Results by Lesion*

PD (n=54) DS (n=83) P

DS primary success, % – 100 –

Stent diameter, mm 3.21±.58 3.59±.58 .001

Pressure, atm 14.8±3.1 15.5±2.3 .16

Balloon-artery radius 1.09±.31 1.10±.26 .37

Dissection, % 3 2 1

Coverage deficit, % 19 16 .62

Number of stents per lesion, %

1 78 82

2 17 14

3 3 2

4 2 2 –

Need for postdilatation, % 6 5 1

Distal embolization, % 13 3 .05

Final TIMI, %

0 0 0

1 0 0

2 9 3

3 91 97 –

Stents withdrawn, n 1 0 .39

*PD indicates predilatation; DS, direct stenting.

TABLE 5. Out-of-Hospital Clinical Results*

PD DS P

Survival at 12 months, % 97±2 93±3 .23

Survival at 24 months, % 88±5 86±4 .62

Survival at 36 months, % 85±5 82±5 .48

Survival at 48 months, % 72±7 60±10 .36

Survival at 60 months, % 62±9 53±10 .39

Revascularization 

of treated lesion, % 19 12 .29

Revascularization 

of treated vessel, % 22 17 .63

Graft occlusion without 

revascularization, % 5 7 .70

*PD indicates predilatation; DS, direct stenting.
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also from myocardial infarction and/or sudden death at
home. Global survival in the series at 12, 24, 36, 48,
and 60 months was 94±2%, 87±3%, 82±17%, 67±8%,
and 58±7%, respectively. The data are shown in Table
5 and Figure 1 for both groups. The global revasculari-
zation rate for the target lesion was 14% and 20.5%
for the treated vessel; in an additional 6% the vessel
was occluded and revascularization was not carried
out later. There were no differences between the 2
groups regarding any of the 3 aspects mentioned (Fi-
gure 2).

The Cox model was used for the variables that could
clinically be associated with a worse long-term prog-
nosis. Ejection fraction (numerical) and smoking habit
at the time of PCI were the only independent predic-
tors, whereas procedure-related myocardial infarction
was an effect modifying variable in the final model
(Table 6).

DISCUSSION

The outcomes of direct stenting and stenting with
predilatation in saphenous vein grafts were compared
in this study. The most relevant findings are that the
distal embolization rate was significantly higher in the
predilatation group with a trend toward a greater fre-
quency of periprocedural myocardial infarction. In ad-
dition, although the immediate results were satisfac-
tory in both groups, the long-term prognosis was
unfavorable in a high percentage of cases. There were
no differences between the 2 groups regarding survival
and revascularization rates during follow-up. Ejection
fraction and smoking habit at the time of PCI were
predictors of cardiac mortality.

Immediate Results

Stents are the most effective devices in the treatment
of ischemic heart disease with PCI in vein graft le-
sions.6,8,9,11,17,18 Thus, previous studies have shown that
balloon angioplasty is not a good choice in such inter-
ventions due to the high rate of restenosis,19,20,21 and
that the use of new devices has not led to significant
progress.22-26 The lesions located in saphenous vein
grafts have different characteristics to those in the nati-
ve vessels with greater cellular and less fibrotic com-
ponents, more necrotic debris, cholesterol, thrombi,

and foamy cells.10,19 Thus, one of the greatest restric-
tions to stent implantation with predilatation is the risk
of distal embolization, with a high incidence of peri-
procedural myocardial infarction.7-12

In our series we found a significant difference in the
direct stenting group with less distal embolization as-
sociated with a trend toward a lower incidence of peri-
procedural myocardial infarction. It is likely that with
a larger sample significant differences would have
been found in myocardial infarction rates. Although all

TABLE 6. Cox Regression*

P B 95% CI

Ejection fraction (numerical) .015 0.96 0.94-0.99

Smoking habit .015 2.8 1.2-6.5

Post-PCI myocardial infarction .099 5.4 0.7-41.3

*CI indicates confidence interval; PCI, percutaneous coronary intervention;
PD, predilatation group; DS, direct stenting group.

Figure 1. Long-term survival.

Figure 2. New revascularization of the treated vessel.



the myocardial infarctions recorded were non-trans-
mural, the relationship between elevated enzymes and
mortality is well known.26-29 Despite the fact that the
multivariate analysis carried out in our series did not
reach statistical significance regarding periprocedural
myocardial infarction, the trend was also verified,
which means that with a larger number of patients it
would probably have functioned as an independent
predictor of long-term mortality. The advantage of di-
rect stenting compared to stenting with predilatation in
the treatment of lesions with thrombus has already
been demonstrated in previous series.30-34 Other embo-
lization factors described in previous series include the
extent of the disease, the presence of ulcers and plaque
volume.7

Although this was not a randomized study, and gi-
ven that the decision regarding which technique to use
was exclusively at the discretion of the interventional
cardiologist, the percentage of lesions treated with DS
(60%) is clearly higher than the rates in native ves-
sels14 with DS being achieved in all the lesions. This
could be due to the absence of those characteristics
that in native vessels cause implantation failure, such
as calcification, tortuosity, or angulation.13,35-45

The need to use multiple stents per lesion was hig-
her than in the published series,36,37,43,45,46 basically due
to a greater percentage of cases with coverage deficits
caused by the different composition of the lesions,
e.g., more friable content leading to displacement to-
ward the lesion’s edges. Finally, the need for postdila-
tation and dissection remained within the limits pu-
blished in a series of DS. The probability of losing the
stent is very low. According to previous studies, such
losses especially occur when removing it with the gui-
de catheter following implantation failure; similarly, in
the absence of primary implantation failure, the chan-
ces of losing it is strongly reduced.39,47,48

Our series is similar to the direct stenting series des-
cribed by Leborgne et al,15 regarding graft age, the
percentage of thrombus, abciximab use, vessel diame-
ter, the success of the procedure, distal embolization
events, and absence of reflux. The only difference was
a higher percentage of periprocedural myocardial in-
farction, which could be due to the different, and more
aggressive, approach to treating the lesions by using a
larger balloon/artery radius.

Long-Term Survival

Cardiac death is the leading cause of mortality after
revascularization surgery with ranges between 41%
and 63%, according to the different series pu-
blished.49,50 The results of our series are consistent
with the long-term survival analysis studies in patients
treated with PCI in saphenous vein grafts. These have
yielded satisfactory immediate results but less favo-
rable final outcomes.8,10,51
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Thus, PCI in patients with previous surgery should
be regarded as a palliative procedure.17 In fact some
authors recommend carrying out PCI in native vessels
whenever possible even when there is complete obs-
truction or to consider the possibility of new revascu-
larization surgery.52 In previous series, the factors that
had an effect on long-term survival were ejection frac-
tion,17,19,22 age,3,19 extent of the vascular disease,17 full
revascularization,17 diabetes,3,52 CK elevation after the
intervention,53 and restenosis rate.17,19 In our series,
only the ejection fraction (numerical) and smoking ha-
bit at the time of PCI were associated with greater
long-term mortality; no relation to restenosis or graft
occlusion was found. No differences were found in
long-term mortality between the two series, in contrast
to the series of Leborgne et al,15 where they reported a
significant difference in mortality at 12 months (5.3%
with DS and 10.4% with PD; P=.045). This series and
ours are the only 2 that to date have analyzed mortality
regarding PCI in saphenous vein grafts, since the stu-
dies with sufficient statistical power designed to com-
pare mortality between DS and PD dealt with native
vessels, and none of them found differences in morta-
lity.35,40,42

Revascularization of the Treated Vessel

One of the most important restrictions to PCI in
saphenous vein grafts is the need for new revascula-
rization in the treated vessel. The factors reported as
having an influence are residual stenosis,54,55 disease
progression,17,54 dyslipidemia,55 ostial location,9,18,22

and restenotic lesion.22 To date, the stent is the only
device which has reduced this rate. The pattern of
new revascularization is different in native vessels
and in vein grafts. Thus, whereas in the former it oc-
curs around the 6th month and only occasionally af-
ter the ninth, in vein grafts it can take place later. In a
series published by Douglas,56 32% occurred in the
first 6 months, but it rose to 43%, 61%, and 64% af-
ter 6-12 months, 1-5 years, and 5 years, respectively.
In another series by Hong et al,57 the greatest increa-
se in revascularization occurred up to the 8th month,
but given that later cases took place it is advisable to
continue follow-up for at least 1 year. In our series,
70% of new revascularization occurred between the
11th and 19th month. The reason for this late pattern,
according to some authors, could be the larger refe-
rence diameter, which meant more time would be re-
quired to reach a minimum luminal diameter suffi-
ciently small to yield clinical findings.57 Cases of
earlier restenosis have been associated with ostial le-
sions and the smaller reference diameter.55 In this
case, and unlike the findings reported by Leborgne et
al,15 no differences were found in revascularization
rates between the 2 groups. This also is in line with
most studies that compare the restenosis rate between



direct stenting and stenting with predilatation in nati-
ve lesions.35,40,42

Limitations

This was a retrospective study and therefore is sub-
ject to the limitations of this type of design. Thus, it
was not possible to determine the myocardial infarc-
tion rate during follow-up. On the other hand, the deci-
sion regarding the treatment strategy, and thus alloca-
tion to one group or the other, depended exclusively
on the interventional cardiologist responsible for the
procedure. There was an imbalance regarding sex, the
diameter of the treated vessels, and abciximab use
between the 2 groups due to the lack of randomization.

CONCLUSIONS

Stent implantation without predilatation in saphe-
nous vein graft lesions makes it possible to reduce the
risk of distal embolization and achieves a lower inci-
dence of periprocedural myocardial infarction compa-
red to the conventional technique. The immediate out-
come is satisfactory with both techniques but
long-term survival is less favorable. There were no
differences between the 2 groups regarding mortality
and revascularization. Ejection fraction and smoking
habit were the main predictors of survival during fo-
llow-up.
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