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following stent implantation of venous bypass
grafts
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Abstract

Objective—To analyse the variables involved in the high restenosis rate following stent implan-
tation in coronary artery bypass grafts.

Design—A retrospective analysis of a consecutive group of patients attending a tertiary centre.
Patients—The long term angiographic outcome of 219 stent implantations for individual lesions
performed in 191 patients was investigated. Multivariate analysis correlated clinical, procedural,
and angiographic variables with the incidence of angiographic restenosis, defined as diameter
stenosis > 50% at follow up.

Results—Angiographic restenosis was observed in 34% of lesions treated. Multiple logistic
regression analysis defined diabetes mellitus (odds ratio 6.91, 95% confidence interval (CI) 2.43
t0 9.69), graft recanalisation (2.89, 95% CI 1.18 to 6.63), lesion at the aortic anastomosis (6.98,
95% CI 2.77 to 21.31), lesion at the coronary anastomosis (3.01, 95% CI 1.19 to 7.69), high
diameter stenosis after stent placement (7.21, 95% CI 2.66 to 16.81), placement of long stents
(2.73,95% CI 1.09 to 7.39), and implantation of more than one stent (7.31, 95% CI 2.08 to
19.96) as independent predictors of graft in-stent restenosis.

Conclusions—There appears to be a specific risk factor constellation contributing to the high
restenosis rate following stent implantation in venous bypass grafts. Critical consideration of
these variables may help identify patients who are poor candidates for stent implantation and who

may benefit from a different approach.
(Heart 2001;85:312-317)
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Owing to the increasing number of patients
who have undergone bypass surgery, treatment
of obstructive disease in the grafts is an emerg-
ing problem. Within a decade following bypass
surgery, severe atherosclerotic disease is
present in more than half of saphenous vein
bypass grafts."” Choosing the right treatment
for patients with obstructive disease of coron-
ary artery bypass grafts is a challenge for the
future. Repeated grafting is complicated by
increased morbidity and mortality and has a
worse clinical outcome than a first bypass
operation.’” Balloon angioplasty of stenosed
venous grafts is associated with a high inci-
dence of periprocedural complications and
high restenosis rates compared with balloon
angioplasty of native coronary arteries.*”* Ran-
domised trials comparing intracoronary stent
implantation with balloon angioplasty for de
novo discrete lesions of native coronary arteries
have shown better long term results after stent
implantation owing to a lower restenosis
rate." " In addition, stent implantation has
proved its efficacy in interventions with a high
risk of restenosis such as recanalisation of
chronically occluded coronary arteries," the
treatment of patients with acute myocardial
infarction,'” and in some studies the treatment
of patients with diabetes mellitus.'®

The role of coronary stent placement in the
treatment of stenosed coronary artery bypass
grafts needs further clarification. Early obser-
vational reports suggested better long term
results with stent placement in obstructed cor-
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onary bypass grafts compared with percutane-
ous transluminal coronary angioplasty
(PTCA)."* However the SAVED (saphenous
vein de novo) study”’ was unable to confirm
better long term results after stent implantation
of obstructed coronary bypass grafts than after
balloon angioplasty. In this latter prospectively
randomised trial, stenting resulted in a larger
gain in minimum luminal diameter and a
reduction in cardiac events during follow up
but failed to decrease the rate of angiographic
restenosis. Thus there may be a specific risk
factor constellation after stent implantation of
stenosed venous bypass grafts leading to
increased restenosis rates.

Various predictors of restenosis following
stent implantation of native coronary arteries
have been established, including implantation
of multiple stents, stenosis length, and small
vessel diameter.”® This is the first investigation
analysing the contribution of procedural,
angiographic, and clinical variables to the
process of restenosis following stent implanta-
tion of obstructed coronary vein grafts.

Methods

PATIENT SELECTION

In this study we analysed long term results of
consecutive patients receiving primary success-
ful stent implantation for obstructive disease of
coronary artery bypass grafts between January
1996 and December 1998 in a single centre.
During this period, 239 stent implantations of
stenosed coronary arteries were performed in
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209 patients. Long term follow up was not
available in four patients because they refused
to have follow up angiography. These four
patients received implantation of a single stent
in the setting of stable angina pectoris for
lesions located in the proximal or middle third
of a focally diseased vein graft. In 14 patients
stent implantation was followed by a total of 26
complications, as follows: acute myocardial
infarction (n = 12), repeat revascularisation of
the target vessel during the hospital stay
(n = 10), repeat bypass operation (n = 2), and
death (n = 2). In this group of 14 patients, 10
were treated for an acute coronary syndrome.
In eight of these, recanalisation of a complete
occlusion was required, so there was a lower
mean minimum lumen diameter and a higher
degree of diameter stenosis before the interven-
tion in this subgroup of patients. There was
also a high prevalence of diabetes mellitus
(n =7). Long term follow up was available in
six of the 14 patients with complications, of
whom four presented with restenosis. This
means that 20 stent implantations performed
in 18 individual patients were not included in
the long term follow up. Thus long term follow
up was available in 191 patients receiving 219
primary successful stent implantations for
individual lesions (94.8% of all stents).

The procedure was considered successful
when residual stenosis following stent implan-
tation of a stenosis of = 50% was less than 40%
on quantitative coronary angiography, without
major cardiovascular complications (myocar-
dial infarction, need for coronary artery bypass
grafting, repeat revascularisation of the target
vessel, death) during the hospital period.
Exclusion criteria were contraindications to
treatment with aspirin and ticlopidine, and
outflow obstruction of the graft because of
poor run off in the recipient native vessel. None
of the patients included received stent implan-
tation because of unsuccessful PTCA. Angio-
graphic long term follow up was done in all
patients at a mean (SD) of 6.1 (2.2) months
after stent implantation. Unscheduled angio-
graphy was allowed on a clinical basis (for
example, symptomatic angina before the
scheduled six month follow up). However, if
restenosis was not observed during unsched-
uled angiography, repeat angiography was per-
formed six months after stent implantation.
Owing to the expectedly high restenosis rates,
routine angiographic follow up six months after
stent implantation was considered normal
clinical practice in this subset of patients. This
practice was approved by the local ethics com-
mittee.

STENT IMPLANTATION
All lesions received predilatation by conven-
tional PTCA. All patients were treated with
standard intravenous heparin (10 000 U), aspi-
rin (500 mg), and intracoronary isosorbide
dinitrate (0.3—0.6 mg). Heparin was titrated to
maintain an activated clotting time of > 300
seconds. The following stent types were used:
ACS Multi Link (n = 172); AVE (n = 15); Nir
(n=12); Bard XT (n=8), Palmaz-Schatz
(n = 6); and Wiktor (n = 6). There was no
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predefined stent implantation protocol using
on-line quantitative coronary angiography.
Medical treatment following stent implanta-
tion consisted of aspirin (100 mg) and ticlopi-
dine (250 mg twice a day). Aspirin was started
at least 24 hours before stent implantation and
was continued. Treatment with ticlopidine was
initiated immediately after stent placement and
was continued for six weeks. Glycoprotein
(GP) IIb/I11a receptor antagonists were used in
31 stent implantations (abciximab in 17,
tirofiban in 14). Indications for the application
of GP IIb/IIla receptor antagonists included
intravascular thrombus formation and stent
implantation in the setting of acute coronary
syndromes.

ANGIOGRAPHIC ANALYSIS AND DEFINITIONS

Quantitative coronary angiography of the
target lesion was performed with the help of an
automatic edge detection system, referring to
the known diameter of the guiding catheter
performed on selected magnified cineframes
(Cardio 500, Kontron, Neufahrn, Germany).
All cineangiograms were reviewed by a single
experienced observer. Assessment of the de-
gree of stenosis was performed in the angio-
graphic view displaying the most severe steno-
sis. In cases of sequential stent implantations in
different stenosed parts of the graft all lesions
were analysed. Stenosis degree (%), minimum
lumen diameter (mm), vessel diameter (mm),
and stenosis length (mm) were assessed by
quantitative coronary angiography. Vessel di-
ameter was measured in the direct vicinity of
the stenosed graft by averaging the normal
appearing segments proximal to and distal to
the lesion. Analyses were performed before
angioplasty, immediately after angioplasty, and
at the six month follow up, using identical pro-
jections after intracoronary nitrate injection.
Primary successful PTCA was defined as
residual stenosis of < 40% after angioplasty of
a stenosis of > 50%. Angiographic restenosis
was defined as diameter stenosis > 50% within
the stent or at the edges of the stent at follow

up.

CLINICAL, PROCEDURAL, AND ANGIOGRAPHIC
PREDICTORS

Data on restenotic lesions were compared with
data on lesions with stenosis of < 50% at follow
up. Data on patients presenting with com-
pletely occluded stents at follow up were also
included in the analysis. In order to identify
risk factors associated with restenosis following
stent implantation of stenosed venous bypass
grafts, the contribution of various clinical, pro-
cedural, and angiographic variables was as-
sessed.

Clinical variables

Clinical variables consisted of age, sex, clinical
presentation (stable angina, acute coronary
syndrome (unstable angina defined as class III,
class B and C according to Braunwald®), acute
myocardial infarction), and cardiovascular
risk factors. Risk factors included arterial
hypertension (defined as a blood pressure of
>160/95 mm Hg on three consecutive
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measurements), diabetes mellitus (patients on
oral antidiabetic treatment, those with insulin
dependent diabetes mellitus, and those with a
blood glucose of > 200 mg/dl two hours after
oral intake of 75 g glucose), hypercholes-
terolaemia (defined as a total plasma choles-
terol concentration of > 5.2 mmol/l (200 mg/
dl)), and a family history of coronary artery
disease.

Procedural variables

Procedural variables included recipient native
vessel, graft recanalisation for complete ob-
struction, graft age, previous stent implantation
of the graft at a different location, lesion > 45%
at a bend point, stenosis eccentricity (assessed
by quantitative angiography), stenosis location
(aortic anastomosis, proximal third, middle
third, distal third, coronary anastomosis),
baseline state of the vein graft and the recipient
vessel (focally or diffusely diseased), and
contractility of the myocardium supplied
(normokinetic v reduced contractility).

Angiographic variables

Angiographic variables were minimum lumen
diameter before and after stent implantation,
acute gain (minimum lumen diameter after
stent implantation minus the diameter before
stent implantation), diameter stenosis before
and after stent implantation, reference diam-
eter, lesion length, stent length, multiple stent
implantation (implantation of more than one
stent in the same graft during the same proce-
dure), and inflation pressure (atm).

In the case of implantation of more than one
stent, clinical determinants were analysed in
each individual patient, while procedural and
angiographic variables were assessed for each
stent implantation.

STATISTICAL ANALYSIS

All data are presented as mean (SD). Signifi-
cance was accepted with probability values of
p < 0.05. Discrete variables were compared as
rates, and comparisons were made using y’
analysis. However, when the expected value of
a cell was less than 5, Fisher’s exact test was
used. Continuous variables were analysed
using two tailed ¢ tests for independent
samples. Logistic regression analysis was per-
formed to determine associations between
clinical, procedural, and angiographic predic-
tors and the incidence of angiographic resteno-
sis, using only those variables that were signifi-
cant at the p < 0.01 level in the univariate
analysis. These data are presented as odds
ratios (OR) and 95% confidence intervals (CI).
Continuous variables were dichotomised by
cut off points derived by dividing the data into
two groups, each containing approximately
50% of the population. Statistical analysis was
performed using PC-SAS software, version
6.10.

Results
PATIENTS
Long term follow up was obtained in 191
patients receiving stent implantation for 219
lesions. The major clinical and procedural
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Table 1  Patient baseline clinical characteristics (n = 191)

Age (years) (mean (SD)) 68 (6)

Female 19 (10%)
Diabetes mellitus 46 (24%)
Hypertension 143 (75%)
Hypercholesterolaemia 107 (56%)
Family history of CAD 88 (46%)
Acute coronary syndrome 48 (25%)

Values are n (%) unless specified.
CAD, coronary artery disease.

Table 2 Baseline procedural lesion characteristics (n = 219)

Recipient native vessel

LAD 105 (48%)
LCx 55 (25%)
RCA 59 (27%)
Graft recanalisation 29 (13%)
Graft age (years) (mean (SD)) 12 (3)
Previous stent implantation of graft 39 (18%)
Bend location (> 45%) 26 (12%)
Eccentric stenosis 92 (42%)
Location of target lesion
Aortic anastomosis 31 (14%)
Proximal third 61 (28%)
Middle third 57 (26%)
Distal third 50 (23%)
Coronary anastomosis 20 (9%)

Data are n (%) unless specified.
LAD, left anterior descending coronary artery; LCx, left
circumflex coronary artery; RCA, right coronary artery.

Table 3 Complete quantitative coronary angiography
(n=219)

Minimum lumen diameter (mm)

Before 0.94 (0.48)

After 2.84 (0.50)

Follow up 1.84 (0.89)
Reference diameter (mm)

Before 3.23 (0.57)

After 3.24 (0.61)

Follow up 3.22 (0.54)
Diameter stenosis (%)

Before 71 (14)

After 12 (9)

Follow up 43 (26)
Acute gain (mm) 1.89 (0.56)
Late loss (mm) 0.99 (0.70)
Net gain (mm) 0.90 (0.69)
Lesion length (mm) 7.5 (3.2)
Restenosis 75 (34%)
Reocclusion 9 (4%)

Data are mean (SD) or n (%).

characteristics are summarised in tables 1 and
2. Ten per cent of patients were female.
Diabetes mellitus was present in 24% of the
patients. One quarter of the patients had stent
implantation in the setting of an acute coronary
syndrome. The left anterior descending coron-
ary artery was the recipient vessel in almost half
the lesions. Graft recanalisation for graft
obstruction was performed in 13% of cases.
The mean graft age was 12 years. In 23% of the
lesions, the location was at the aortic or coron-
ary anastomosis of the graft. Implantation of a
single stent was performed in 85% of the
patients.

Results of quantitative coronary angiography
are shown in table 3. Stent implantation
reduced diameter stenosis (mean (SD)) from
71 (14)% to 12 (9)%, achieving an acute gain
of almost 1.9 mm. At follow up a late loss of
almost 1 mm had increased the mean diameter
stenosis to 43 (26)%, resulting in a net gain of
0.9 mm. Angiographic restenosis was observed
in 34% of lesions treated by stent implantation,
while reocclusion occurred in 4%.
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Table 4 Univariate analysis of predictors of restenosis:
clinical variables
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Table 6 Univariate analysis of predictors of restenosis:
angiographic variables

Restenosis Restenosis
rate (%)  p Value rate (%) p Value
Age (years) Minimum lumen diameter before (mm)
< 68 (n=104) 27 <0.95 (n=101) 49 <0.01
> 68 (n=115) 40 0.07 >0.95 (n=118) 22
Sex Minimum lumen diameter after (mm)
Male (n=200) 35 0.78 < 2.85 (n=113) 56 <0.01
Female (n=19) 30 > 2.85 (n=106) 12
Diabetes mellitus Acute gain (mm)
Present (n=53) 61 <0.01 < 1.85 (n=113) 38 0.43
Not present (n=166) 24 > 1.85 (n=106) 32
Hypertension Diameter stenosis before (%)
Present (n=161) 31 <70 (n=120) 21
Not present (n=58) 41 0.28 > 70 (n=99) 53 <0.01
Hypercholesterolaemia Diameter stenosis after (%)
Present (n=123) 36 0.61 <12 (n=108) 9
Not present (n=96) 32 > 12 (n=111) 58 <0.01
Family history of coronary artery disease Reference diameter (mm)
Present (n=101) 31 <3.2 (n=119) 36 0.44
Not present (n=118) 37 0.64 > 3.2 (n=100) 32
Clinical presentation Lesion length (mm)
Stable angina (n=172) 29 <7 (n=91) 28
Acute coronary syndrome (n=47) 50 0.02 > 7 (n=128) 38 0.17
State of graft/vessel Stent length (mm)
Focally diseased (n=78) 24 <15 (n=111) 24
Diffusely diseased (n=141) 40 0.03 > 15 (n=108) 44 <0.01
Myocardial contractility Number of stents
Normokinetic (n=48) 29 1 (n=163) 29
Reduced contractility (n=171) 36 0.40 2 (n=28) 70 <0.01
Inflation pressure (atm)
<14 (n=102) 39 0.19
Table 5 Univariate analysis of predictors of restenosis: > 14 (n=117) 30
procedural variables
Restenosis performed for complete obstruction was also
rate (%) p Value associated with a significantly increased rest-
Recipient native vessel enosis rate (66%).. Previous stent .implantation
LAD (n=105) 35 0.88 of the graft at a different target lesion appeared
LCx (n=55) 30 to contribute to increased restenosis rates but
RCA (n=59) 35 . . O
Graft recanalisation just failed to reach significance. Further proce-
Yes (n=29) 66 <0.01 dural variables, including graft age and lesion
No (n=190) 30 related characteristics such as stenosis eccen-
Graft age (years) .. . .
<12 (n=96) 35 0.88 tricity and bend location, were not associated
> 12 (n=123) ) 34 with increased rates of restenosis. Diffuse
Prz‘s"?;fz’;t implantation 51 0.04 disease of the graft and the recipient vessel was
No (n=177) 31 significantly correlated with the incidence of
Bend location restenosis, but the contractile state of the myo-
Yes (n=26) 29 cardium supplied had no apparent impact on
No (n=193) 35 0.79 pp pp p
Eccentric stenosis the restenosis rate.
Yes 01:?;% 36 0.87 As expected, minimum lumen diameter
Lolj;é:ﬁ o O)f target lesion 33 before and after stent placement, as well as
Aortic anastomosis (n=31) 68 <0.01 diameter stenosis before and after the proce-
Proximal third (n=61) 24 dure, were strongly correlated with recurrent
Middle third (n=57) 24 . .
Distal third (n=50) 2 restenosis. However, acute gain, reference
Coronary anastomosis (n=20) 68 <0.01 diameter, and stenosis length did not appear to

PREDICTORS OF RESTENOSIS

Univariate analysis of clinical, procedural, and
angiographic variables is summarised in tables
4, 5, and 6. The only cardiovascular risk factor
that was associated with an increased rate of
in-stent restenosis was diabetes mellitus. Rest-
enosis rate in the presence of diabetes mellitus
averaged 61%, compared with 24% in non-
diabetic patients. Furthermore, lesions treated
in the setting of acute coronary syndrome
showed a significantly increased restenosis rate
of 50%, compared with 29% observed in
patients with stable angina.

With respect to procedural variables, stent
implantation of lesions localised at the aortic
and coronary anastomosis was followed by a
greatly increased restenosis rate of 68%. Stent
implantation of lesions localised in the proxi-
mal, middle, and distal third was complicated
by restenosis in only 23%. Graft recanalisation
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influence the rate of angiographic restenosis.
Placement of more than one stent during the
procedure was linked to increased restenosis,
and implantation of a stent with a length of
more than 15 mm was a significant univariate
predictor of restenosis. There was a trend
towards higher restenosis rates following stent
implantation with comparatively low inflation
pressure, but this failed to reach significance.
The results obtained by multivariate analysis
are summarised in table 7. Multiple logistic
regression analysis identified diabetes mellitus,
recanalisation of a completely occluded graft,
location of the target lesion at the coronary and
aortic anastomosis, high residual stenosis after
stent implantation, placement of long stents,
and implantation of more than one stent
during the intervention as independent predic-
tors of in-stent restenosis of the graft. On ana-
lysing the odds ratios, placement of more than
one stent and high residual stenosis after stent
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Table 7 Multiple logistic regression analysis of independent
predictors of in-stent restenosis

Independent predictor p Value OR (95% CID
Diabetes mellitus <0.001 6.91 (2.43 10 9.69)
Graft recanalisation 0.03 2.89 (1.18 t0 6.63)
Aortic anastomosis <0.001 6.98 (2.77 10 21.31)
Coronary anastomosis 0.02 3.01 (1.19 to 7.69)
Diameter stenosis after

stent placement < 0.001 7.21 (2.66 to 16.81)
Stent length 0.03 2.73 (1.09 to 7.39)
Number of stents 0.002 7.31 (2.08 to 19.96)

OR, odds ratio; CI, confidence interval.

placement were the strongest predictors of
in-stent restenosis.

Discussion

Our study reports a restenosis rate of 34% fol-
lowing stent implantation of stenosed venous
bypass grafts, which is acceptable but still
exceeds the restenosis rates observed after stent
implantation of native coronary arteries. Multi-
variate analysis identified various predictors
which contribute to the excess restenosis rate
after stent implantation in stenosed venous
grafts.

CLINICAL PREDICTORS
The presence of diabetes mellitus represented
the only cardiovascular risk factor that was
predictive of in-stent restenosis. Restenosis rate
of diabetic patients in this study was 61%,
probably reflecting increased neointimal hyper-
plasia because of the stimulatory effects of
growth factors. There are conflicting data on
the effect of diabetes on restenosis after coron-
ary stent implantation. Some studies' ** have
shown comparable long term results in diabetic
and non-diabetic patients. However, Elezi and
colleagues found that the presence of diabetes
mellitus was an independent predictor of stent
restenosis, increasing the incidence of resteno-
sis from 28% in non-diabetic patients to 37%
in diabetic patients,” though this is still far
below the restenosis rate in diabetic patients
receiving stent implantation in venous bypass
grafts as documented in our study. Our
findings are in accordance with the data
reported by Carrozza and colleagues,” who
found very high restenosis rates following stent
implantation in diabetic patients. In that study
most of the patients were treated for stenosed
venous bypass grafts. Thus stent implantation
of venous bypass grafts in diabetic patients is
complicated by an excess restenosis rate, and
this seems even to exceed the restenosis occur-
ring in diabetic patients given stent implants in
native coronary arteries. Future studies will
need to analyse the extent to which more rigor-
ous diabetes control and platelet inhibition
may improve the angiographic outcome in dia-
betic patients.

PROCEDURAL PREDICTORS
Stent implantation has become established as
the preferred treatment option in patients
requiring recanalisation of completely oc-
cluded coronary arteries. In this specific setting
very low restenosis rates of 32% have been
reported in the GISSOC (gruppo Italiano di
studio sullo stent nelle occlusioni coronariche)
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trial following primary successful recanalisa-
tion."* Our study showed a restenosis rate of
66% following stent implantation of com-
pletely occluded vein grafts, indicating a lack of
efficacy of coronary stent implantation in
preventing restenosis, and identifying graft
recanalisation as an independent predictor of
in-stent restenosis. The reason why recanalisa-
tion of coronary artery bypass grafts is compli-
cated by higher restenosis rates compared with
occluded native coronary arteries remains
unclear.

Stenosis location was identified as an impor-
tant independent predictor of long term
success following stent implantation of sten-
osed venous bypass grafts. Our data showed
low restenosis rates of 23% following stent
implantation in the proximal, middle, and dis-
tal third of the graft, as compared with a rate of
68% after implantation in the aortic or coron-
ary anastomoses. One possible explanation for
the poor long term results following stent
implantation in the coronary anastomosis may
be the discrepancy in vessel size between the
distal vein graft and the recipient native vessel,
which may complicate the implantation of a
stent of suitable size. The high restenosis rate
following stent implantation of the aortic anas-
tomosis may be caused by an increased in-stent
neointimal hyperplastic response, as already
documented in native coronary arteries.”

ANGIOGRAPHIC PREDICTORS

Placement of more than one stent® and
implantation of long stents® have been defined
as predictors of restenosis following stent
implantation in native coronary arteries. A
possible explanation for these findings refers to
increased neointimal proliferation produced by
the implantation of multiple or long stents. Our
investigation also identified these variables as
independent risk factors for graft restenosis,
indicating the central role of neointimal prolif-
eration in the pathogenesis of in-stent resteno-
sis of venous bypass grafts as well. However,
implantation of long and multiple stents most
probably reflects the state of disease in the graft
and raises doubt over the suitability of stent
implantation in the setting of diffusely diseased
grafts.

Stent implantation of small native coronary
arteries is complicated by high restenosis
rates,”* though the reasons for the poor long
term results following stent implantation in
small coronary arteries remain unclear. In con-
trast to these findings, we were unable to show
a significant impact of small reference diameter
on the incidence of restenosis. One possible
explanation for the different impact of vessel
size on restenosis rates of native coronary
arteries and vein grafts may be the compara-
tively large reference diameter of the coronary
artery bypass grafts assessed in our investiga-
tion (more than 3.2 mm).

LIMITATIONS OF THE STUDY
The main limitation of our study is its
retrospective nature. In this context a selection
bias is wunavoidable. However, our study
involved a consecutive series of stent implanta-
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tions including 91.6% of all procedures that
were performed during the time concerned,
indicating that the procedures analysed in this
investigation are representative.

One major limitation of our investigation is
the comparatively small number of lesions
treated. Investigation of larger patient cohorts
may identify further predictors of in-stent rest-
enosis of venous bypass grafts which could not
be defined in our present study.

The results of our investigation support the
concept of a specific restenosis mechanism fol-
lowing stent implantation in stenosed venous
bypass grafts, with various different risk
factors. However, further investigation using
intravascular ultrasound may be helpful in
exploring the mechanism of restenosis underly-
ing stent implantation in venous bypass grafts.
Intravascular ultrasound can analyse different
lesional characteristics, allowing the quantifica-
tion of their contribution to the process of
in-stent graft restenosis.

CONCLUSIONS

Our data support the hypothesis of a specific
risk factor constellation contributing to rest-
enosis following stent implantation in stenosed
venous bypass grafts and explaining the
comparatively high rates of angiographic rest-
enosis. Recanalisation of completely occluded
vein grafts, stenosis localisation, and—not
documented by all studies—the presence of
diabetes mellitus were associated with poor
long term results, raising doubts over the suit-
ability of stent implantation in these specific
settings. Some of the strongest predictors of
stent restenosis—including diabetes mellitus,
stenosis  location, and complete graft
occlusion—are unfortunately not correctable.
However, it is conceivable that more rigorous
diabetes control and platelet inhibition may
help to improve angiographic long term follow
up in patients with diabetes. Critical considera-
tion of the risk factors identified may help to
identify patients who are poor candidates for
stent implantation in venous bypass grafts and
who could benefit from different forms of
treatment, including a second bypass operation
or the implantation of stent grafts. However,
further investigation is required to corroborate
our initial results.
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