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Bifurcation lesions of native coronary arteries are common in daily practice and different strategies for 
percutaneous coronary intervention have been suggested for their treatment. The “crush” technique, with the 
use of drug-eluting stents in both the main and the side branch, is a relatively simple procedure that ensures 
complete lesion coverage, even for bifurcations that have extensive disease within the side branch. We pres-
ent the case of a bifurcation lesion in a Y-shaped saphenous venous graft in a patient who had previously 
undergone coronary artery bypass graft surgery. The literature lacks reports regarding the management of 
such patients. Implementation of the “crush” technique in the specific case resulted in a satisfactory angio-
graphic and long-term clinical outcome.

L ong-term freedom from angina and 
ischaemic events following coro-
nary artery bypass graft (CABG) 

surgery with the use of saphenous venous 
grafts (SVGs) is limited by the develop-
ment of graft stenosis. The therapeutic op-
tion of percutaneous coronary interventions 
(PCIs) in these patients is challenging and 
is associated with high complication rates. 
This is particularly true in cases where sur-
geons use more sophisticated techniques 
to accomplish a satisfactory result, such 
as the formation of a Y-shaped venous 
graft to supply two branches of the native 
coronary tree.

Dealing with bifurcation lesions is com-
mon in native coronary arteries, making up 
15-20% of PCI cases performed.1 The ana-
tomical patterns of the stenosis, however, 
together with variations in the diameter 
of each of the branches and the angle at 
which the side branch originates from the 
main branch, have traditionally caused this 
type of lesion to be associated with lower 

periprocedural success rates, higher rates 
of restenosis and an increased risk of side-
branch occlusion.2 Various techniques have 
been introduced in an attempt to improve 
outcomes. In 2003, Colombo et al described 
the “crush” technique of treating bifurca-
tions, with the use of drug-eluting stents, 
as a relatively simple method that ensures 
complete coverage of the side branch os-
tium, aiming to reduce the high rates of 
side-branch restenosis.3

We present the case of a Y-shaped sa-
phenous venous graft bifurcation lesion in 
a patient with a medical history of CABG 
operation, treated using the “crush” tech-
nique. Our aim was to demonstrate the 
feasibility of the technique in the setting 
of a venous graft lesion and to present the 
immediate angiographic and long-term 
clinical outcomes of the procedure.

Case presentation

A 78-year-old male patient, ex-smoker, 
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with a medical history of hypertension, insulin-treated 
diabetes, hyperlipidaemia and renal impairment (se-
rum creatinine levels 1.8 mg/dl, estimated creatinine 
clearance 32.5 ml/min) came to the outpatient clinic 
of our hospital complaining of gradually worsening 
exertional dyspnoea over the previous 6 months. 
He had a known history of coronary artery disease, 
with lesions involving all three main vessels, and had 
undergone a CABG operation 10 years before. Ac-
cording to the surgical report, an inverted Y-shaped 
venous graft was used to supply both the left ante-
rior descending (LAD) and the right coronary artery 
(RCA). Following the bypass operation, the patient 
remained quite well, leading an active life, until dys-
pnoea appeared. The patient was initially referred 
for a myocardial perfusion scan, which demonstrated 
reversible ischaemia in the inferior and lateral walls 
(Figure 1A). Coronary angiography confirmed the 
presence of heavily diseased native coronary arteries 
(Figures 2A, 2B) and revealed a tight lesion at the 
bifurcation site of the Y-shaped venous graft, causing 
an 80-90% stenosis of the lumen (Figure 2C, 2D).

The decision was made to treat the lesion of the ve-
nous graft as we would treat one in the native coronary 
arteries. Given the degree of atherosclerosis involving 
both branches of the Y-shaped venous graft, a stenting 
technique fully covering the bifurcation segment of 
the graft was considered as the most appropriate; the 
“crush” technique, with the use of paclitaxel-eluting 
stents, was selected. The venous graft branch sup-
plying the LAD was considered as the main branch 
of the bifurcation while the one supplying the RCA 
was considered as the side branch. Both branches of 
the graft were wired using standard balanced middle-
weight wires and pre-dilated with 2.5 mm balloons up 
to 12 atm. Following the “crush” technique described 
below, a 3.0 × 20 mm paclitaxel-eluting stent was used 
for the side branch while a 3.5 × 24 mm stent was used 
for the main branch. The final result was optimised 
with a final kissing balloon (using 3.0 mm balloons for 
both the main branch and the side branch; Figure 3), 
leaving no residual stenosis. Most authors suggest the 
use of embolic protection devices, or other sophisti-
cated techniques,4,5 for interventions performed in 
saphenous venous grafts: however, this option was not 
available in our catheterisation laboratory when the 
procedure was performed.

The patient was discharged from the department 
two days later and was re-evaluated on a routine basis 
at one and three months. Six months after the pro-
cedure he underwent a new perfusion scan (Figure 

1B). The patient exercised for 6 minutes and 45 sec-
onds, achieving a maximal exercise workload, with 
no symptoms of chest pain or shortness of breath. 
The perfusion scan failed to reveal areas of revers-
ible ischaemia. At the time of writing it is 18 months 
post-PCI and the patient remains asymptomatic. He 
is still on dual antiplatelet therapy (aspirin 100 mg + 
clopidogrel 75 mg).

Figure 1. Myocardial perfusion scan. A. prior to percutaneous 
coronary intervention (PCI), demonstrating reversible ischaemia 
in the inferior and lateral walls; B. follow up, 6 months post PCI.
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The “crush” technique: description of the procedure

The procedure has been described in the past and 
is presented schematically in Figure 4.3,6 The tech-
nique requires the use of a guide catheter of at least 
7 F. Both the main vessel and the side branch are 
wired and prepared for stent implantation with pre-
dilatation as necessary. The stents are positioned in 
such a way that the proximal part of the side branch 
stent protrudes well into the main branch (4-5 mm 
proximally to the carina of the bifurcation). The main 
branch stent fully covers the bifurcation lesion and it is 
crucial that its proximal part is always more proximal 
in the coronary tree than the proximal marker of the 
stent for the side branch. Following appropriate posi-
tioning of the stents, the side branch stent is deployed 

A B

C D

Figure 2. Heavily diseased native coronary arteries and vein grafts. A: left coronary artery; B: right coronary artery; C-D: Y-shaped venous 
graft.

Figure 3. Final angiographic result for the Y-shaped venous graft.
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first and the balloon is carefully removed, ensuring 
that the stent in the main vessel remains in place. 
The wire of the side branch is usually also removed. 
The stent in the main vessel is subsequently deployed, 
thus crushing the proximal part of the side branch 
stent to the main vessel wall proximally to the carina. 
It is usually advisable to perform a post-dilatation of 
the main branch stent with a high-pressure balloon, in 
order to facilitate re-wiring of the side branch, and a 
final kissing balloon.

Discussion

The present case demonstrates that using the “crush” 
procedure for the treatment of a venous graft bifurca-
tion lesion is feasible, achieving a satisfactory angio-
graphic result and a favourable long-term clinical 
outcome. The case is unique in the literature, since 
this type of Y-shaped venous graft is rarely used in 
CABG operations.

Treating bifurcation lesions, even in the setting 
of native coronary arteries, remains an issue of con-
troversy among interventional cardiologists. Initial 
attempts to treat such lesions were made in the era 
of balloon angioplasty, with poor results. Failure was 
attributed to plaque shift between the two branches 
and led to attempts at plaque volume reduction us-
ing techniques such as rotational atherectomy. The 
introduction of bare metal stents (BMS) improved 
outcomes and various strategies were suggested.7-9 
Despite this improvement, however, bifurcation le-
sions were subject to higher rates of restenosis and 
need for target lesion revascularisation (TLR) com-
pared to non-bifurcated ones. Historical data suggest 
a TLR rate of 16% to 38%, the worse outcomes usu-
ally being associated with stent deployment in both 
the main vessel and the side branch, compared to 
single branch stenting (and provisional stenting of the 
side branch).10,11 In the same studies, the recorded 
numbers of major adverse cardiac events (MACE) at 
six months, defined as cardiac death, acute myocar-
dial infarction or target vessel revascularisation, were 
similarly very high, ranging from 17% to 51%.

The introduction of drug-eluting stents into 
clinical practice significantly reduced the restenosis 
rates of relatively simple lesions and created reason-
able hopes for better outcomes in the treatment of 
complicated bifurcation lesions. Initial reports con-
cerning the use of sirolimus-eluting stents in such 
patients seemed favourable, as far as patency of the 
main branch was concerned, but suggested higher re
stenosis rates of the side branch ostium.12-14 This was 
attributed to incomplete coverage of the side branch 
ostium and led to the reintroduction of previously re-
ported techniques to allow stenting of the side branch 
when needed: the classic T-stenting involves stenting 
of the side branch ostium with a second stent then 
deployed in the main branch; V-stenting involves the 
delivery and expansion of two stents simultaneously, 
with the proximal edges of the stents in contact, form-
ing a small proximal carina; in simultaneous kissing 
stents, two stents are accommodated side by side 
in the main branch (proximally to the bifurcation); 
culotte provides excellent cover of the side branch 
ostium using two stents, while other techniques de-
scribed are Y-stenting and the “skirt”.15 Dedicated 
bifurcation stents represent a different perspective 
in the solution of this problem, aiming to maintain 
safe access to the side branch as well as to ensure full 
coverage of the carina and the side branch ostium. 
Several such stents are already available or under 
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Figure 4. Schematic description of the crush technique. A: wires 
and stents positioned in main vessel and side branch; B: inflation 
of stent in side branch; C: side branch stent and wire removal; D: 
expansion of main vessel stent; E: side branch re-wired through 
the stent struts; F: final kissing balloon; G: final result.
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clinical trials. However, most of them did not become 
very popular, since they proved bulky and difficult to 
deliver through tortuous and calcified vessels, while 
quite often accurate positioning and deploying of 
those stents proved tricky in practice.16

Colombo et al3 suggested the “crush” technique, 
described above. The “crush” technique is a relatively 
simple strategy that ensures complete lesion coverage, 
even for bifurcation lesions that have extensive disease 
within the side branch. Preliminary short-term data 
were encouraging, suggesting that this strategy could 
be used effectively for bifurcation lesions.3 Long-term 
outcomes of the method have also been published, 
with MACE-free survival rates at 9 months reported 
as 83.5% for the overall population and 94.2% when 
left main stenosis (LMS) lesions are excluded from 
the analysis17. The reduced efficacy of the method 
in the treatment of LMS bifurcations represents a 
matter for concern and has also been documented in 
other studies.18 Ge et al have demonstrated that final 
kissing balloon and post-dilatation are almost manda-
tory in the “crush” technique, since they are associat-
ed with a significantly reduced side-branch late lumen 
loss and need for TLR.19 In most cases, the lack of 
a final kissing balloon leads to under-expansion and 
malapposition of the struts, whereas post-dilatation 
opens the struts, optimising access to the side branch, 
and corrects stent deformation, therefore providing 
optimal scaffolding and delivery of the drug.

The safety of drug-eluting stents used in venous 
grafts was initially supported by some non-ran-
domised trials, suggesting a similar benefit compared 
to BMS,20,21 while later small randomised trials have 
suggested a beneficial effect over BMS, with lower 
rates of in-stent restenosis.22,23 Bifurcation lesions of 
saphenous venous grafts are rarely seen in the clinical 
setting. Techniques commonly used in bifurcations 
of native coronary arteries, such as the “crush” pro-
cedure, seem, however, to be technically feasible and 
are associated with a satisfactory angiographic and 
clinical outcome.

We recognise the lack of angiographic follow up 
as a weakness of the present report. However, the risk 
of contrast-induced nephropathy for the particular 
patient was unacceptably high (advanced age, diabe-
tes, reduced creatinine clearance) and we considered 
that to suggest a new diagnostic angiogram for confir-
mation of our result would be unethical. Moreover, 
both the lack of clinical symptoms and the follow-up 
perfusion scan suggested patency of the graft and the 
absence of haemodynamically significant restenosis.
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